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Petroleum distillation simulation was performed in this work based on thermodynamic
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The simulation time using the combined pseudocomponents technique is only about 11
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CHAPTER 1

INTRODUCTION

It is apparent that distillation is the most prominent separation process used particularly in
the petroleum refining process. The refining of petroleum involved simple fractionation of the
constituents already present in the crude oil. Simulation renders a convenient method for designing
and studying the performance of a distillation solution.

In the petroleum industries operation of large entity, heat energy and material balances are
of most importance in keeping a rigid control of all steps in the processing. Thus, computer
simulation can help to solve manufacturing and material handing problems. Furthermore, by using
mathematical methods to generate streams of pseudo-random numbers, it is possible to allow for
the random variations that occur everywhere in real life because the ability to allow for
randomness is one of the great strength of simulation. Thus, it is cheaper and safer to learn from
mistakes made with a simulated system than to make them for real. Simulation can reduce cost,
reduce risk, and improve your understanding of the system under study.

Soave-Redlich-Kwong equation can be used to generate thermodynamic properties of
petroleum fractions for simulation. In the petroleum simulation, no less than 20 pseudocomponents
are required for describing the petroleum mixture. Successive iterations are required in petroleum
distillation calculation. Consequently, petroleum distillation simulation is relatively time
consuming. It is desirable that simulation results can be obtained instantly. Therefore, the mission

of this work is to scale down the calculating task so that simulation can be done in short time.



1.1 Objective of This Work

To develop method of petroleum distillation simulation that requires a short calculating

time

1.2 Scope of This Work

1. Thermodynamic properties of petroleum fractions will be based on
Soave-Redlich-Kwong Equation.

2. Study property of combined pseudocomponents.

3. Study different choice of component groupings for distillation simulation.

4. Develop a computer program for petroleum distillation simulation that fulfils the

stated objective.



CHAPTER 2

DISTILLATION SIMULATION

2.1 Distillation

Distillation is the separation of substances that have different vapor pressure at any given

113 3

temperature and based upon “ volatility “ which the process stream may be separated by
distillation into a more volatile, “lighter component™ and a less volatile,” heavier component”.
Now, the operations have been almost entirely superseded by continuous distillation. The present
system involves heating the crude by pumping it through tubes placed inside a furnace (tube still)
and then allowing it to vaporize in a fractionating column, which is tapped at several point,

allowing continuous side draw of the various boiling “ fraction”, or product. The residuum

withdrawn from the bottom of the column may be subjected to a vacuum or steam distillation.

CONDENSER
Ao
) REFLUX DR UM
ENRICHING REFLUX
(RECTIFICATION) L L
SECTION 1 {Q
DISTILLATE
FEED — . RJ £~
STRIPPING
SECTIO‘N o ==~ W
REBOILER —

Lr==—r)

“ = : Tl HEAT OUT

BOTTOMS

Figure 2.1 A Schematic of a Typical Distillation Unit



As indicated in Figure 2.2, the overhead vapor V,, upon leaving the top plate enters the
condenser where it is either partially or totally condensed. The liquid formed is collected in an
accumulator from which the liquid stream L (called reflux) and the top product stream D (called
the distillated) are withdrawn. When the overhead vapor V, is totally condensed to the liquid state
and the distillate D is withdrawn as a liquid, the condenser is called a total condenser. If V, is
partially condensed to the liquid state to produce the reflux L and the distillate D is withdrawn as
a vapor, the condenser is called a partial condenser. The amount of liquid reflux is commonly
expressed in terms of the reflux ratio, L /D. Although the internal liquid to vapor ratio, L/V, is
sometimes referred to as the internal reflux ratio, the term reflux ratio will be reserved here in to

mean L/D.

Vi ¥aa a, If
Condenser
Accumulator Yy, DXo,
=0 Xg (Distillate)
Lo Xoi
1. -
Ve¥ier i Lo
j+1
tL
r
j=f=1
FX, Ve gk
(Feed)
j=f{feed plate)
v, T :
l
Va¥pan, o [l
i=N
Reboiler

Qg _\‘ i=Ny

Figure 2.2 Sketch of'a Conventional Column Distillation

The liquid that leaves the bottom plate of the column enters the reboiler, where it is
partially vaporized. The vapor produced is allowed to flow back up through the column, and the

liquid is withdrawn from the reboiler and called the bottom product B.



2.2 Distillation Model

The MESH Equations
To compute the composition of the top product D and the bottom product B which may be
expected by use of a given distillation column operated at a given set of conditions, it is necessary

to obtain a solution to the following equations:

- Equilibrium relationships
- Component-material balances
- Total-material balances

- Enthalpy balances

f/”/: Yac

1 Condenser

Accumulator

= DXopi
2 (Distillate}
- Lixy
[ > L
4 {Reflux)
Vi+1 Yj+ i Ljxji
-
[ J+1
e
FX; A

(Feed) —

T_Vr Le-1 |,
j=f (Feed plate)

Vit Yj+li

\T7\

Reboiler
w‘N

Figure 2.3 Representation of The Component-Material Balances

B‘Kai
(Bottoms)
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i
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F; - J" IDEAL STAGE AW Q;
2, Hy
Xij
Vis1 h;
Yij-1 U;
H,, L

Figure 2.4 An Ideal Equilibrium Stage is Represented by The Mesh Equations

In the description of this process, the mole fraction of the most volatile component in the feed
is represented by X, in the distillate by X, and in the bottoms by X,. The subscript j is used as
the counting integer for the number of the plates. Since the distillate is withdrawn from the
accumulator (j=0) and the bottoms is withdrawn from the reboiler (j=N+1), the mole fractions in
the distillate and bottoms have double representation, that is, X, = x,; (for a column having a
total condenser) and X WXl When the column has a partial condenser (D is withdrawn as a
vapor), Xy, = Y-

The rectifying section consists of the partial or total condenser and all plates down to the
feed plate. The stripping section consists of the feed plate and all plates below it, including the
reboiler. When the total flow rates do not-vary from plate to plate-within each section of the
column, they are denoted by V. (vapor) and L (liquid) in the rectifying section and by V_and L
in the stripping section. The feed rate (F), distillate rate (D), bottoms rate (B), and reflux rate (L,)
are all expressed in moles per unit time.

To find the compositions of the top and bottom products, the set of equations required to

represent such a system is as follows:



Material balances (M-Equation)

Vj+lyj+l,i

VyatViy

Vj+1Yj+1,i

FX

Lj ji+DXDI

L, X, DX,

1%

LX -BX

]! BI

DX, tBxy,

Equilibrium relationships (E-Equation)

Yii

Enthalpy balances (H-Equation)

T

VtHf+ VFHF

I+

FH

Lh+DH,+Q,
Lf— lhf— 1 +DHD+QC

Lh-Bh,+Q,

DH,+Bh,+Q_-Q,

A

A
E

o
IA
A
Z,
+

0<j<N+I

0=j<N+I

2-2

2-3

2-4

2-5

2-6

2-7

2-9

2-10



As in the case of the material balances for any one component, the number of
independent energy balances is equal to the number of stages (j=0, 1, 2, ... N, N+1). In this case
the total number of independent equations is equal to (2m+3)(N+2). The enthalpy per mole of
vapor and the enthalpy per mole of liquid leaving plate j are given by the following expressions

(upper bar indicates a partial molar enthalpy).

H, = > H;y;; (vapor) 2-12
h = o (liquid) 2-13

where the enthalpy of each pure component i in the vapor and liquid streams leaving plate j are
represented by H; and hy, respectively. These enthalpies are evaluated at the temperature and
pressure of plate j. This meaning of H, depends on the condenser used. For a total condenser (D
is withdrawn from the accumulator as a liquid at its bubble point temperature T at the column

pressure, and y,;=x,=X,),

For a partial condenser (D is withdrawn from the accumulator as-a vapor at its dew point

temperature T, at the column pressure, and y,=X,,)

Heiyoi B H 2-15

Mz

ﬁOiXDi =

o "

T
w]

I
Mz

1]
]
—_

The enthalpy per mole of bottoms has double but equivalent representation, h, and h,,, that is,

hay XL, = hy., 2-16

LIS NGLD

=
oe]
I
NgE
=
e

>
w

I
Mz

i=1

Il
—_
I

The symbols Q, and Q are used to denote the condenser and reboiler duties, respectively. The
condenser duty Q, is equal to the net amount of heat removed per unit time by the condenser and

the reboiler duty Qy is equal to the net amount of heat introduced to the reboiler per unit time.



2.3 The Tridiagonal Matrix Method for Solving The MESH Equations [7]

Equilibrium relationships and material balances in distillation model are now combined

and the L’s are expressed as functions of V’s by an overall material balance of all stages from the

condenser through the jth stage.

i
Vj+1 + Z(Fk _Wk _Uk)_D

k%2

—
Il

where, D = A st

The M-equation is then reduced to a tridiagonal matrix form,

Bx;, +Cx; = D
AXx .+ Bjxij +Cx =

0L -1 Ll j

Ax ., +Bx, 3

n“ L, n-1

or in matrix notation as,

[B1 C1 xin ]
Az B2 C2 Xi2
Aj Bj Cj Xij -
An—l Bn—l Cn—l Xi,n—l
L An Bn | _Xin ]
or simply,
A, 6% b - Jod
where
B, = (VK,+U) ; C, =V,K, ; D, =0

joil 272 0

j-1

A =L, =V+ EZ(F](—Wk—Uk)—D

D1
D2
Di
Dn-1
Dn

2-18

2-19

2-20
2-21

2-22

2-23

2-24

2-25
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B, = - (Vj+ Wj)Kij + (Lj+ Uj)]

J

k=2
C =V.K 25j<nl1 227
and
A, =V,+B ;B =-«(VK,+B);D, =0 2-28

With the above manipulation of the M and E equations and further manipulations of the S
and H equations, the MESH equations for multi-component separation at constant pressure in a

complex column become,

M,(x,, V. T) = [Ay] {x} —{D} = 0 A<i<m1<j<n 229
S(x,,T) = ;Kijxij ~1.0-=-0 A<j<n 230
Hj(xij,Vj,Tj) T (Hj+1 y hj)Vj+1 ] (Hj &« hj)( Vj+ Wj) 1 (hj B hj—l)Lj-l

+F(H;=h)-Q =0 AZj<n 231

There are n(m+2) independent variables in these n(m+2) equations and therefore this system of
equations has a unique solution. The problem now is to find a set of values of x;, V; and T;, to
satisfy these MESH-equation. Because of their non-linear nature, a direct simultaneous solution is
very difficult if not impossible. A~ simple :and fast iterative procedure is presented in the
following.

When the flow rates and compositions of feed streams:are given, and the amounts of all
the product streams are specified, Fj, z;, WJ., Uj, D, and B are all constants. If an initial set of V,
and Tj is assumed, [ABc]and {D} are also constant, provided that the equilibrium ratios, Kij’s, can
be expressed as function of Tys. Then the M-equation, Equation 2-29, is a linear system. By

taking advantage of the tridiagonal form of the matrix [ABc]and by grouping the vector {D} with

[ABC] as,
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[B1 C1 Di |
A2 B2 C2 D2
Aj Bj Ci Dj ,1 <i<m 2-32
An-1 Bn-1 Cn-1 Dn-1
| An Bn Dn |

the solution of equation 2-29 for [xi] can be easily obtained by use of a simple algorithm derived
from the Gauss elimination method. In this algorithm, two auxiliary quantities, p; and q; are

calculated by first evaluating p; and q, and advancing forward with j increasing, that is

p, = C/B, ; q, =D/B,

2-33
pj = C_]/(BJ — Ajpj.l) ,2 S] S n-1 2-34
qj = (DJ - A_]q_,.l)/(BJ F Ajpj_l) ,2 SJ S n 2-35

Then, values of x;’s are calculated by first evaluating x; and receding backward with j decreasing

until x;, is reached. Thus,

Xin = qn 2-36
X = - pX, ., A<j<n1 237

When the x’s obtained from the above algorithm are substituted into the S-equation, Equation 2-30

and if K;’s could be expressed as function of T such as
K, = Ebij"(P,T,Xi)/ﬂ)ijV(P,T,yi) 15i<m 2-38
the S-equation is a function of T only, that is,

S(T) = i(a)ijL(P, T,x) /" (P, T,yi)}ﬂj -1.0=0 1<i<n 2-39
i-1

For the solution of this equation, either the Muller’s method or the Newton-Raphson may be used.

The process is repeated until
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Sy = S(Ty) <g (on the k" iterative) 2-40

When x;’s are obtained from the M-equation and new T;’s are calculated from the S-equation by
Newton-Raphson method, new values of V; can be calculated directly from the H-equation,
Equation 2-31

The enthalpies of the internal streams are calculated by equation 2-41

HoH z-a-Alg T8y, B 1<j<n 2-41
RT B a\dT Z
together with isobaric enthalpy change at ideal gas state;
o=
AH = [Co"dT 2-42
T1

where cp* is the ideal gas state heat capacity
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2.4 Petroleum Distillation Simulation

To apply the MESH equations for petroleum distillation simulation, petroleum feed is
broken down into a number of fractions of narrow boiling point range. Each fraction is regarded
as one component and is called “pseudocomponent”. Figure 2.5 illustrates the formation of 11

fractions or pseudo components on the ASTM boiling point curve.

/ /
/
o ———
$— /
E /
= —
5 —
] ]
5 —
=~ /
Pseudocomponent
12 3 4 5 6 7 8 9 110 | 11 € number
0 Volume percent vaporized 100

Figure 2.5 Formation of Pseudocomponent
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2.5 Newton-Raphson Method

Slope Methods for Finding Roots

If fix), f' (x), and / '(x) are continuous near a root p, then this extra information regarding the
nature of f{x) can be used to develop algorithms that will produce sequences {p,) that converge
faster to p than either the bisection or false position method. The Newton-Raphson (or simply
Newton’s) method is one of the most useful and best known algorithms that relies on the
continuity of f (x) and f '(x). We shall introduce it graphically and then give a more rigorous
treatment based on the Taylor polynomial.

Assume that the initial approximation p, is near the root p. Then the graph of y = f(x)
intersects the x-axis at the point (»,0), and the point (p, ,f(p,)) lies on the curve near the point (p,0)
(see Figure 2.6). Define p, to be the point of intersection of the x-axis and the line tangent to the
curve at the point (p, ,f{p,)). Then Figure 2.6 shows that p, will be closer to p than p, in this case.
An equation relating p, and p, can be found if we write down two versions for the slope of the

tangent line L:

o FIT) ) 7B 0) 243

P1— pPo

which is the slope of the line through (p, 0) and (p,, f(p,)), and

mo = Sy 2-44

which is the slope at-the point (py f(p,)). Equating the values of the slope m-in equation (43) and

(44) and the solving for p, result in

F(po)

2-45
PFCpo)
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Pzp \\‘"'
(py, fipy) s

Figure 2.6 The Geometric Construction of p, and p, for The Newton-Raphson Method.

The process above can be repeated to obtain a sequence { p, jthat converge to p. Assume that

fe C’[a,b] and there exists a number pE C’[a,b], where f(p)=0.If f’ (p) # 0, then there exists a
O > 0 such that the sequence {p,},_, defined by the iteration

o
Pi=80y ) =P - (pc2)

— e alor = 1,2 %

2-46
F'(pe-1)

will converge to p for any initial approximation p, € [p - 5, p+ 8].



CHAPTER 3

PETROLEUM

3.1 Petroleum Fractions Characterisation

General Characteristic of Petroleum

Crude petroleum or crude oil as product from the field is a relatively low-value meterial
since, in its native state, it is rarely usable directly. Thus it is usually refined and further processed
into a number of products whose total value is many times that of the original oil. The first step in
any oil refinery is the separation of the crude oil into various fractions by the process of
distillation. These fractions may be products in their own right or may be feedstock for refining or

processing units. Usually, properties of a petroleum fraction are characterised as follows.

ASTM Distillation

The ASTM D86 and D1160 tests are reasonably rapid batch laboratory distillations
involving the equivalent of approximately one equilibrium stage and no reflux except for that
caused due to heat losses. Apparatus typical of the D86 test is shown in Fig 3.1. It consists of a
heated 100 ml or 125 ml Engler flask containing a calibrated thermometer of suitable range to
measure the temperature of the vapor: at the inlet to the condensing tube, an inclined brass
condenser in a cooling bath using a suitable coolant, and a graduated cylinder for collecting the
distillate. A stem correction is not applied to the temperature reading. Related tests using similar

apparatus are the D216 test for natural gasoline and the Engler distillation.
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Figure 3.1 ASTM Distillation Apparatus

In the widely used ASTM D86 test, 100 ml of sample is charged to the flask and heated at
a sufficient rate to produce the first drop of distillate from the lower end of the condenser tube in
from 5 to 15 min, depending on the nature of the sample. The temperature of the vapor at that
instant is recorded as the initial boiling point (IBP). Heating is continued at a rate such that the
time from the IBP to 5 volume percent recovered of the sample in the cylinder is 60 to 75 sec.
Again, vapor temperature is recorded. Then, successive vapor temperature are recorded for from
10 to 90 percent recovered in intervals of 10, and at 95 percent recovered, with the heating rate
adjusted so that 4 to-5 ml-are collected per minute. At-95 percent recovered, the burner flame is
increased if necessary to-achieve a maximum vapor temperature referred to as the end point (EP)
in from 3 to 5-additional- min. The-percent-recovery is reported-as the. maximum percent recovered
in the cylinder.

As discussed by Nelson, virtually no fractionation occurs in an ASTM distillation. Thus,
components in the mixture do distill one by one in the order of their boiling points but as mixtures
of successively higher boiling points. The IBP, EP, and intermediate points have little theoretical
significance, and in fact, components boiling below the IBP and above EP are present in the
sample. Nevertheless, because ASTM distillations are quickly conducted, have been successfully

automated, require only a small sample, and are quite reproducible, they are widely used for
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comparison and as a basis for specifications on a large number of petroleum intermediates and

products, including many solvents and fuels.

Typical ASTM curves for several such products are shown in Figure 3.2

ASTM 1emperature, °F

~100

o 20 40 o0 80 100
Volume percenl vaporized

Figure 3.2 Representative ASTM D86 Distillation Curves.

TBP Distillation

True-boiling-point (TBP) " distillations are normally run on crude oils and not on
petroleum fraction. This method is basically a batch distillation using a large number of stages and
a high reflux-to-distillate ratio so that the temperature at any point on the temperature-volumetric
yield curve represents the actual boiling point of the hydrocarbon material present at that volume
percentage point. Thus, data from a TBP distillation test provides a much better theoretical basis
for characterization. If the sample contains compounds that have moderate differences in boiling

points such as in a light gasoline containing light hydrocarbons ( e.g. iso-butane, n-butane, iso-
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pentane etc.), a plot of overhead-vapor-distillate temperature versus percent distilled in a TBP test
would appear in the form of steps as in Figure 3.3. However, if the sample has a higher average
boiling range in which the number of close-boiling isomers increases, the steps become indistinct
and a TBP curve such as that in Figure 3.4 results. Because the degree of separation for a TBP
distillation tests in much higher than for an ASTM distillation test, the IBP is lower and the EP is

higher for the TBP method when compared with the ASTM method, an shown in Figure 3.4

Z

Temperature

A

[+} 100
Par Cent Distilied

Figure 3.3 Variation of Boiling Temperature with Percent Distilled in TBP Distillation

of Light Hydrocarbon

$30

Tempesatwre, *F
o PY
8 8

8
Ty

0 20 40 60 80 100
Volume percent dislilleg

Figure 3.4 Comparison of ASTM, TBP, and EFV Distillation Curves for Kerosene.

A standard TBP laboratory-distillation-test method has not been well accepted. Instead, as
discussed by Nelson, batch distillation equipment that can achieve a good degree of fractionation

is usually considered suitable. In general, TBP distillations are conducted in columns with 15 to
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100 theoretical stages at reflux of 5 or greater. Thus, the new ASTM D2892 test method, which
involves a column with 14 to 17 theoretical stages and a reflux ration of 5, essentially meets the
minimum requirements. Distillate may be collected at a constant or a variable rate. Operation may
be at 101.3 kPa pressure or at a vacuum at the top of the column as low as 0.067 kPa for high-
boiling fractions, with 1.3 kPa being common. Results from vacuum operation are extrapolated to
101.3 kPa by the vapor-pressure correlation of Maxwell and Bonnel, and in the ASTM D2892 test
method, it involves a correlation for the nature of the sample in terms of the UOP characterization

factor.

EFV Distillations

A third fundamental type of laboratory distillation, which is the most tedious to perform
of the three types of the laboratory distillations, is equilibrium-flash-distillation(EFV), for which
no standard test exists. The sample is heated in such a manner that the total vapor produced
remains in contact with the total remaining liquid until the desired temperature is reached at a set
pressure. The volume percent vaporized at these conditions is recorded. To determine the
complete flash curve, a series of run at a fixed pressure is conducted over a range of temperature
sufficient to cover a range of vaporization from 0 to 100 percent. As seen in Figure 3.4, the
component separation achieved by an EFV distillation is much less than by the ASTM or TBP
distillation tests. The initial and final EFV points are the bubble point and the dew point

respectively of the sample. If desired, EFV curves can be established at a series of pressures.

ASTM-TBP-EFV Relationships

Because of the time and expense involved in conducting laboratory distillation tests of all
basic types, it has become increasingly common to use empirical correlations to estimate the other
two distillation curves when either the ASTM, TBP, or EFV curve is avaible. Preferred
correlations given in the following are based on the work of Edmister and Maxwell as shown in
Figure 3.5 to 3.6.

For the interconversion between ASTM and TBP distillation of topping column
sidestream products, it is helpful to have an empirical expression for the correlation. Nelson found

that the preceding types of distillation, a sigmoidal-shaped curve results whenever values of the
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dependent variables, y (or temperature, deg.F) are plotted against the independent variable, x
cumulative-percent-less than, (CPLT) , (or volume percent distilled), on arithmetic coordinate
graph paper. This sigmoidal-shaped curve can be transformed into a straight line when value of x
are plotted on a probability scale. This method is called Nelson’s method for extrapolating crude
oil TBP curves into the high boiling range.

Values of x on the linear abscissa scale are quickly transformed into value of x on the

probability 3-1 to 3-3.

q = x/100 (when x< 50%)
q 7 1- x/100 (when x>50% ) 3-1
n & In (1/q°) 3-2

X = n-(a,+an)/(1+a,n+a;n’) 3-3
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For values of x that are less than 50% the sign X is changed from positive to negative.

The transformations which linearizes the y versus CPLT curve uses the method of least squares fit

a best straight line through the transformed data points and the equation of the line is expressed as
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y = mx +b 3-4

where
m = slope of the least squares fit line through the probability paper plotted data points
b = y-intercept of that line

API Gravity

Gravity of a crude oil or petroleum fraction is generally measured by the ASTM D287
test or the equivalent ASTM D1298 test and may be reported as specific gravity (Sp.Gr) 60/60 °F

and referred to water at 60 'F or, commonly, as API gravity which is defined as
141.5

API gravity E -131.5 3-5
Sg.Gr(60/60F)

Water, thus, has an API gravity of 10 and most crude oils and petroleum fractions have values of

API gravity in the range of 10-80.
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3.2 Correlation for Characteristic of The Heavy Fraction

To use an equation of state like the Soave-Redlich-Kwong equations on a petroleum
mixture, the critical temperature, T , critical pressure, P, and the acentric factor, (D, are needed
for each component. For petroleum fractions, these properties can be evaluated from the following

correlations.
Cavett (1964) Relations
T = 768.071+1.7134T,;-0.10834*10 " T, +0.3889%10° T,,-0.89213-10" T, API

+0.53095%10° T, AP1+0.32712%10" T, APT’

3-6

logP, = 2.829+0.9412%10° Ty sginsery Tsy +0.15141%10" T, -0.20876*10" T, API
+0.11048%10 " T, API+0.1395%10” T, API’-0.4827*10" T, API 3-7
where Bry 722 141.5/SG ~ 131.5 3-8

The critical temperature, T, and the mid-volume boiling point of the fraction, T, are given in °F,

P_in psia, and SG in 60/60 °F

Lee-Kesler Correlations (1976)

® = (In P, —5.92714+6.09648/T,, +1.28862InT, -0.169347T, *)

(15.2518-15.6875/T,,-13.4721In T, +0.43577 T, ")

for T, < 0.8 3-9

® = -7.904+0.1352K-0.007465K +8.359 T, +(1.408-0.01063K)/ T,
for T, > 0.8 3-10
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MW = -12272.6+9486.4SG+(4.6523-3.3287SG) T, +(1-0.77084SG-0.02058SG *
(1.3437-720.79/ T, )*10"/ T, +(1-0.808828G+0.02226SG")*

(1.8828-181.98/ T, )*10"/ T,

The boiling point, T, and the critical temperature, T, are in degree Rankine and the
specific gravity, SG, in 60°F/60°F. The critical pressure, P, in psia. T,_T,/T, and P, = P,/P,
where P, is the pressure where T, has been measured. K is the Watson characterization factor

which equals TBm/ SG. MW is the molecular weight.

Ideal Gas C p’s for Petroleum Fractions

For petroleum fractions, the following empirical equation by Kesler and Lee [6] is

sufficiently accurate for engineering applications

C = A+BT+CT +CFA'+B'T+C'T) 3-12

o

where

= -0.32646+0.02678K

- -(1.3892+1.2122K+0.03803K)10™
= -1.5393*10”

- -0.0084773+0.080809SG

= (201773-2.0826SG)10-4

Q w » O W »

= ~(0.78649-0.704235G)10”
CF = {(12.8/K-1)(10/K-1)*100}"
1/3

K0 o= ) is6

T = mean average boiling point, R = (°F+ 460)



CHAPTER 4

Thermodynamic Properties

4.1 Soave-Redlich-Kwong Equation

An equation relating the pressure to the temperature and volume is called “equation of
state”. It provides a most efficient and versatile means of expressing various thermodynamic

functions in terms of P-V-T data. The Soave-Redlich-Kwong equation of state is ;

RT  a
V-b V(V+b)

As the derivative, it expresses the parameter a as a product of a temperature —independent

parameter, a', and a temperature dependent term, f(T), as follows:

a & a'f(T) 42

2

In the original Soave-Redlich-Kwong equation f(T) = T

Expressing equation 4-1 in cubic form in terms of molar volume, V, gives

va_[RT|y2 g[8 _BRT _po)y,_ 3D - 0 43
P PP P

at the critical point: a, a'f(Tc) 4-4

from equation 4-2 and 4-4

AW

a 4-5
f(Te)

a =

f(M)

c

From this point on the ratio, will be denoted by (U following the Soave notation. Thus, the

above equation becomes
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f(M)

c

As obvious from , OL must be unity at T =T,

and a = 0.42748(RT,’)/P, 4-7
a = T 4-8
b 2 0.08664RT /P, 4-9

Replacing V in Equation 4-1 with ZRT/P and rearranging gives

7-7’+(A-B-B)Z-AB = 0 4-10
where
A - Gl . 4-11
(RT)
B = P 4-12
RT

Combining Equation 4-11 with 4-6 and 4-7, and Equation 4-12 with 4-9 gives parameter of pure

state

Pr

5o 4-13

0.42748

>
Il

Tr

0.08664& 4-14

r

vy
Il

For mixture or solution, the van der Waal’s mixing rules are usually used:

inijij 4-15
j

x;b; 4-16

where b = i0i

....Mg _,MB

RTci

b, = 0.08664 4-17

c1



a = zzxixj(aiaj)oj(l_kij)
i
a = a, QL
2
a, = 0.42748(1{1.#

AONUUINYUINNS )
ANRINTUNINEAE
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4-18

4-19

4-20

4-21

4-22
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4.2 Fugacity Coefficient

Two auxiliary functions which are of particular use in the thermodynamic treatment of
solutions are the fugacity “f” and the fugacity coefficient “(I) ”. Their definitions for the case of

component in solution is:

dG, = RTd(In ﬁ) = VdP  const. T 4-23
lim,_,( f‘i /xP) = 1 4-24
o 3\ £ /xp 4-25

The fugacity coefficient expression based on the Soave-Redlich-Kwong is as follows.

In ¢ = SONRIEL e dV,-InZ 426
RT* V, on, ) .

The derivative in this equation can be obtained from equation 4-1 written in terms of total volume,

v

-
2
P = nRT A n-a 427
V,-nb V,(V,+nb)

Differentiating P in this equation with respect to n, at constant T, V,, and n;, gives

( o ] _ RT | nRT ~ n’a }(8(nb)]
on, —_— V,—nb | (V,—-nb)> V,(V,—nb) | on, .
g L1 O R 428
V,(V, =nb)én, ©
Combing Equation 4-26 and 4-28 and making the integration give
Pb
In¢i = —In| Z—— [+ (Z-1B,
b 2 @,
— (A B[ 142 4-29
bRT v

Using the notations of A and B instead of a and b gives



In ({)i

where

30

~In(Z-B)+(Z-1B|

B \%
1 m
- glzaiO'SZx a,"a —kij)] 4-31
j
4-32

AONUUINYUINNS )
ANRINTUNINEAE
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4.3 Phase Equilibrium Constant (K)

In practical design, the equilibrium ratio K, is used, which may be related to the fugacity

coefficients through equation 4-33,

K = y/x = o, /b, 4-33

i

Fugacity coefficients of Soave-Redlich-Kwong expression

n¢, = —h{z —P—b} +(z-1)B,——2—(A,-B, ’)ln[l +P—b} 4-34
RT bRT RTZ

Thus, liquid fugacity coefficients

L

PbT}L(zL—l)Bi'L 2 (Ai'L—Bi'L)ln{H;);)ZLL} 4-35

" bLRT

Then, divide equation 4-35 by 4-36

1n[d}i'L J: —ln{ TR } llze -z )]

Z" —(PbY/RT)

1 aL L L PbL av AV v va
—— | A" =B Jin| 1+ —— | -—-(A;"V =B, )In| 1 + =U4-37
RTlibL( — { RTZ" bV( B") RTZY

Let

T L
b; Jz U 4-38



comparing equation 4-33 and 4-38

AONUUINYUINNS )
ANRINTUNAINENRE
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4.4 Enthalpy Departure

Expressions for enthalpy departure for the Soave-Redlich-Kwong is as follows.

HoH _ Z-1+= 1) _plav 4-40
RT RT | aT),

Equation of state provide the P-V-T relation required to evaluate the right side of the
above equation.

Differentiating equation 4-1 with respect to T, at constant V, and multiplying by T, give

[P - widl /] R 4-41
ar ), V-b V(V+b)\dT
The integrand in equation 4-40 then becomes
T P _ P= __W a-T S 4-42
Gl V(V +hb) dT
Combining equation 4-40 with 4-42 and then integrating gives
HoH z-1-—L |at(98Y |12 4-43
RT bRT dT \
Making use of (a=b/RT)=(A/B) and (b/V)=(B/Z) gives
YN z 1 Al T(dad 8 4-44
RT B a\dT YA

where

m m

T(—)= - > > xxym;(a;ac Tr) > (1-ky) 4-45

1]



CHAPTER 5

ALGORITHM OF MODEL SOLUTION

5.1 Set of Equations Used in Distillation Simulation

5.1.1 Equations for distillation process :
Equations 2-17, 2-18, 2-24, 2-25, 2-26, 2-27, 2-28, 2-30, 2-31, 2-33, 2-34, 2-35, 2-36 and
2-37.

5.1.2  Properties equations based on SRK :
Equation 4-10 for compressibility factor.
Equation 4-30 for fugacity coefficient.
Equations 4-37, 4-39 for vapor-liquid equilibrium.

Equations 2-41, 2-42 and 2-44 for enthalpy.

5.1.3 Correlation equations for petroleum fractions

Equations 3-5, 3-6, 3-7, 3-9, 3-10, 3-11 and 3-12.

5.14 Equation for convergence

Equation 2-45.
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5.2 Computational Procedure

Step 1. Specified feed and operating condition.

Step 2. Assume an initial vapor flow rate profile (Vj)o by means of constant molal overflow and
initialize liquid concentration profile (x,.j. )o-

Step 3. Assume initial temperature 7.

Step 4. Set initial vapor concentration equal liquid concentration, y, = x;.

Step 5. Calculate thermodynamics properties of each component and each stage.

L

ij Xij
v
ij

using Equation (2-24) to (2-28).

Step 6. Calculate initial K, from K, = , and then calculate the elements of the matrix [ABc],

Step 7. Solve the M-equation, Equation (2-29), for x, ’s, using the tridiagonal matrix algorithm
from Gauss elimination.

Step 8. Normalize x,.

Step 9. Calculate y, by Equation (2-5).

Step 10. Calculate temperature profile (7_“/) of each stage by Newton-Raphson method

Step 11 Recalculate thermodynamics properties and K

Step 12. Calculate the enthalpies of the internal vapor and liquid stream by Equation (4-43) and
(4-44).

Step 13. Solve Equation (2-31) for a new set of (Vj) 3

Step 14. Repeat step (7) through (13) until z [(Tj)k — (T« - 1]2 < &r, where &r isa

predescribed tolerance.



The flow chart diagram of such a computational routine is shown in Figure 5.1
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Figure 5.1 Flow Chart of The Distillation Simulation
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CHAPTER 6

RESULT AND DISCUSSION

6.1 Petroleum Distillation Simulation Based on SRK Equation

At present petroleum fraction fractional distillation design and simulation is conveniently
accomplished due to availability of modern powerful computers. The Soave-Redlish-Kwong
equation of state (SRK) can be used to generate required properties of petroleum fraction for
petroleum distillation simulation [9]. Furthermore, it was shown that at least 20
pseudocomponents should be used to represent a petroleum fraction mixture in order to obtain
accurate result.

There are many cubic equations of state in the literature. ~The SRK was chosen for this
work since it can generate relatively accurate saturated pressure of hydrocarbon. Table 6.1

presents comparison of saturated pressure derived from the SRK and Peng Robinson equation of

states (PR) by this work.

Table 6.1 Vapor Pressure of Some Hydrocarbons

Methane Temperature 130 K Temperature 140 K Temperature 150 K Temperature 160 K
Standard PR SRK | Standard PR SRK |Standard PR SRK |Standard PR SRK
Vapor Pressure 3.71 3.69 3.64 6.52 6.44 6.41 10.60 10.46 10.47 16.18 16.03 16.10
% Deviation -0.76% | -2.13% -1.23% | -1.67% -1.31% | -1.17% -0.94% | -0.50%
Butane Temperature 330 K Temperature 340 K Temperature 350 K Temperature 360 K
Standard PR SRK | Standard PR SRK | Standard PR SRK |Standard PR SRK
Vapor Pressure 6.00 5.95 6.01 7.65 7.57 7.67 9.60 9.51 9.63 11.90 11.80 11.95
% Deviation -0.84% | 0.28% -0.96% | 0.27% -0.96% | 0.30% -0.85% | 0.40%
Pentane Temperature 350 K Temperature 360 K Temperature 370 K Temperature 380 K
Standard PR SRK | Standard PR SRK |Standard PR SRK |Standard PR SRK
Vapor Pressure 3.42 3.39 3.43 4.40 4.36 441 5.58 5.52 5.59 6.97 6.90 7.00
% Deviation -0.90% | 0.17% -0.98% | 0.24% -0.99% | 0.34% -0.92% | 0.47%
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Table 6.1 Vapor Pressure of Some Hydrocarbons (continued)

Hexane Temperature 390 K Temperature 400 K Temperature 410 K Temperature 420 K
Standard PR SRK | Standard PR SRK [Standard PR SRK | Standard PR SRK
Vapor Pressure 3.73 3.67 3.71 4.68 4.61 4.67 5.81 5.72 5.80 7.12 7.02 7.13
% Deviation -1.68% | -0.38% -1.64% | -0.23% -1.54% | -0.07% -1.37% | 0.12%
Octane Temperature 450 K Temperature 460 K Temperature 470 K Temperature 480 K

Standard PR SRK |Standard PR SRK |Standard PR SRK |Standard PR SRK

Vapor Pressure 3.53 3.48 3.53 4.34 4.28 4.34 5.29 5.21 5.29 6.38 6.28 6.38

% Deviation -1.36% | 0.02% -1.47% | -0.02% -1.53% | -0.04% -1.53% | -0.04%

Note : Standard value is by Antoine Equation.




39

6.2 Characteristic of Petroleum Fractional Distillation Calculation

Petroleum fractional distillation calculation is a length process requiring rigorous iterative
procedure as shown pictorially in Figure 6.1. The time for calculation increased as the number of
stages and the number of pseudocomponents increase. For each trial of the iterative loop for
determining the temperature profile of the distillation column by energy balance, the
compressibility factor iterative loops for both liquid and vapor phases in each stage of the column
is required. Compressibility factor is a function of temperature, pressure and composition of
petroleum fraction. In this latter iterative loops, the roots (Z,) of the cubic equation is determined

with the aid of Newton Raphson’s convergence method.

Predescribed tolerance

Remark Q : Trial and Error Step

Figure 6.1 Iteration Procedure of The Distillation Simulation
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6.3 Validity of Combining Pseudocomponents

6.3.1 Definition of a Combined Pseudocomponent

A combined pseudocomponent (CP) is defined in this work as a component representing
a mixture of pseudocomponents. Thus, for validity, a CP must have the same properties as those
of the pseudocomponent mixture. Logically, properties of a CP should be obtained from those of

pseudocomponents with the aid of a mixing rule.

6.3.2 Mixing Rules for CP

There are many mixing rules in the literature. However, in practice, a simple mixing rule
is used if it can provide property values of sufficient accuracy. Since a petroleum fraction contains
hydrocarbon mixture in which properties of all components are similar, the Kay’s rules, a linear
mixing rule in composition, is tested in this work for accuracy.

To use the SRK equation of state, the critical temperature and critical pressure of the

material system are required. Therefore, the Kay’s rules are as follows.

m
— D xiTe,i 6-1
1

m
P = Z XiPc, i 6-2
1

c,m

Fugacity coefficient and enthalpy are the two properties tested, since these two properties
are used in distillation simulation. The results, as shown in Tables 6.2 and 6.3, indicate that the

Kay’s rules are suitable for petroleum fraction grouping.



Table 6.2 Fugacity Coefficient of Hydrocarbon and Mixture
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Component Mole Fraction Fugacity Coefficient
T =160 °F T=180°F T =200 °F T=220°F
Pure Component
Ethane 0.03 1.0296 1.0262 1.0232 1.0207
Propane 0.20 1.0163 1.0158 1.0152 1.0147
n-Butane 0.37 0.9990 1.0007 1.0021 1.0034
n-Pentane 0.35 0.9825 0.9864 0.9897 0.9926
n-Hexane 0.05 0.9662 0.9722 0.9774 0.9820
Mixture
exp(Z x;Ind;) * 0.9959 0.9979 0.9997 1.0013
On ** 0.9974 0.9993 1.0010 1.0024
* by equation In ¢, = Zx.In ¢,
*x by equation 4-30 together with equations 6-1 and 6-2

Enthalpy calculating used the same components and mole fraction in Table 6.2, as follow.

Table 6.3 Enthalpy of Hydrocarbon Mixture

Mixture Enthalpy
T=160°F T=180°F T=200°F T =220°F
2 xi(Hi-H;*) * -383.767 -330.874 -280.644 -232.765
(H-H*) ** -370.053 -324.436 -281.396 -240.639
* by equation H = Xx H,

ok by equation 4-44 together with equations 6-1 and 6-2
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6.4 Specification of Distillation Column and Petroleum Feed

Specification of distillation column, feed plate and petroleum feed used in this work are
the same as those used by Ruangridth [9] which in turn are based on the illustration problem by
Holland [4]. Also the initial guess values of Xy Tj and Vj by Ruangridth were used.

A crude oil having the characteristics in Table 6.4 and Figure 6.2 is to be topped to
produce a jet fuel in a fractionating tower with no side streams, but with a reboiler. Stream is
introduced at the bottom of the column so that the effective distillation pressure can be considered
as 760 mm Hg., 560 deg.F. The fractionating tower contain a total of 18 equilibrium stages. Thus,

the feed is introduced on the 17" stage.

Table 6.4 Crude Oil TBP Distillation at 760 mm Hg. [1]

% Volume Temperature Density API gravity
Distilled °F g/em’

0 105

5 230 0.725 63.5
10 300 0.796 46.7
20 392 0.830 39
30 458 0.852 345
40 505 0.865 32
50 542 0.875 30.8
60 585 0.890 27.5
70 640 0.912 23.5
80 720 0.930 20.4
90 880 0.980 13.1
99 1090

From the specifications the 0 to 55 vol % portion of the crude oil will satisfy the boiling

range requirement of jet fuel. The design data of this distillation is given in Table 6.5 to 6.7.




1.30()'

1100

8
[

u.
- ]
¥
D
S 700 PR..
@
]

£ nk

500 |

e
o
300 -
o
ool
O 20 40 60 80 100

Voi Y% adisnlled

Figure 6.2 TBP Curve of Feed and Component Designation.



Table 6.5 The Properties of Crude Oil (11 pseudocomponents)

44

Comp. | Vol % | TBP % p API P 1b/100cu.ft.[ Mol. |Moles/100 cu.ft.| Mol. Frac.
deg.F. | g/cu.cm. Ib/cu.ft. | mixture | weight mixture
1 10 225 0.745 58.5 46.50 465.0 102 4.56 0.1720
2 10 350 0.815 42.0 50.91 509.1 141 3.61 0.1362
3 10 430 0.842 36.5 52.58 525.8 165 3.19 0.1202
4 10 485 0.860 33.0 53.70 537.0 192 2.80 0.1055
5 10 528 0.870 31.0 54.36 543.6 210 2.59 0.0977
6 10 565 0.880 293 54.94 549.4 227 242 0.0913
7 8 600 0.896 26.5 55.91 4473 242 1.85 0.0697
8 7 650 0.913 23.5 57.00 399.0 270 1.48 0.0558
9 6 700 0.930 223 57.45 344.7 300 1.15 0.0434
10 10 800 0.955 16.8 59.00 590.0 353 1.67 0.0631
11 9 1000 1.030 6.0 64.25 578.3 485 1.19 0.0450




Table 6.6 Composition of The Distillate and Bottoms

Component Feed Distillate Bottoms
mole XF mole Xp mole Xp

1 0.1730 0.1730 0.1730 0.2200

2 0.1370 0.1370 0.1370 0.1740

3 0.1215 0.1215 0.1215 0.1540

4 0.0990 0.0990 0.0990 0.1255

5 0.0987 0.0987 0.0987 0.1251

6 0.0920 0.0920 0.0900 0.1140 0.0020 0.0095

7 0.0705 0.0705 0.0635 0.0806 0.0070 0.0330

8 0.0562 0.0562 0.0057 0.0072 0.0505 0.2380

9 0.0434 0.0434 0.0434 0.2045

10 0.0641 0.0641 0.0641 0.3025

11 0.0450 0.0450 0.0450 0.2120
1.0000 0.7884 1.0000 0.2120 1.0000

Theoretical plates (N) = 18

Reflux ratio = 1.83

V=2228,L=1.44,D=0.788
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Table 6.7 Feed Concentration

Component Flowrate (Ibmole/hr) Mole Fraction, z(i,j)
1 4.55 0.1729
2 3.61 0.1372
3 3.19 0.1212
4 2.6 0.0988
5 2.59 0.0984
6 2.42 0.0919
7 1.85 0.0703
8 1.48 0.0562
9 1.15 0.0437

10 1.69 0.0642
11 1.19 0.0452
26.32 1.0000
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6.5 Simulation Time of Various Numbers of Pseudocomponents

Based on specification in section 6.4, several simulations were performed with each
simulation using different number of pseudocomponents. The numbers of pseudocomponent used
were 11, 20, 30 and 40. The result of simulation shows that computing time increases with
increase in number of components, and tends to be exponential (increase rapidly) when the
number of pseudocomponents exceed 30 as shown in Figure 6.3.

Simulations were repeated using computers of various speeds. The effect of number of

components on computing times is similar for all computers as shown in Table 6.8 and Figure 6.3.

Table 6.8 Comparison of Running Time

Computing Time (msec) Percentage *
CASE P75 P 166 PII 350 | K6-2 500 P 75 P 166 PII 350 | K6-2 500

11 components 3570 1370 500 440 100.0% 100.0% 100.0% 100.0%
20 components 7530 3020 1100 930 210.9% 220.4% 220.0% 211.4%
30 components 12140 5110 1760 1540 340.1% 373.0% 352.0% 350.0%
40 components 23350 9720 3350 3020 654.1% 709.5% 670.0% 686.4%

Computer Specification

P75 : Intel Pentium 75 Mhz., Ram 24 MB.

P 166 . Intel Pentium 166 Mhz., Ram 64 MB.

PII 350 : Intel Pentium II 350 Mhz., Ram 64 MB.

K6-2 500 : AMD K6-2 500 MHz.,[Ram 128 MB.

*  Percentage = Computing time < 100

Computing time of 11 pseudocomponents
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6.6 Simulation Times of Various Techniques

In this work, the petroleum fraction feed is assumed to consist of 20 pseudocomponents,
since according to Ruangridth [9], the smallest number of pseudocomponents that give accurate
simulation result is 20.

The normal simulation technique is presented in 6.6.1. Various simulations were tried
using different pseudocomponents grouping. The two best techniques chosen are described in

6.6.2 and 6.6.3.

6.6.1 : Normal Simulation Technique (20 pseudocomponents)

The feed characteristics for 11 pseudocomponents are in Table 6.4 and Figure 6.2. In the

case of 20 pseudocomponents, the feed characteristics are in Table 6.9. The simulation result is

presented in Figures 6.5 to 6.9 and Table A1 to A3 in Appendix.
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Solution

Table 6.9 The Properties of Crude Oil (20 pseudocomponents) Feed.

Comp. Vol % TBP.50% API Moles/100 cu.ft. Mol. Frac.
deg.F. mixture
1 5 140 69.8 2.30 0.0874
2 5 225 58.5 2.25 0.0855
3 5 294 47.8 1.77 0.0673
4 5 350 42.0 1.84 0.0699
5 5 395 38.8 1.59 0.0604
6 5 430 36.5 1.60 0.0608
7 5 458 34.8 1.30 0.0494
8 5 485 33.0 1.30 0.0494
9 5 507 31.8 1.30 0.0494
10 5 528 31.0 1.29 0.0490
11 5 548 30.2 1.26 0.0479
12 5 565 29.3 1.16 0.04407
13 5 585 27.8 1.14 0.04331
14 5 612 255 1.08 0.04103
15 5 650 23.5 1.11 0.04217
16 5 690 20" 0.93 0.03533
17 5 735 21 0.92 0.03495
18 5 790 17.5 0.78 0.02964
19 5 875 12.2 0.78 0.02964
20 5 1000 6 0.62 0.02356

26.32 1.0000
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6.6.2 : Temperature Profile by CP Technique

In this simulation technique, the temperature profile of the distillation column is
determined first by using CP’s in order to reduce the task of calculation.
After the temperature profile has been obtained, simulation is repeated with the petroleum

fractional of feed and input data of 6.6.1 are used.

6.6.2.1 : 3 combined pseudocomponents from 20 pseudocomponents grouping

Pseudocomponents 1234567 8910111213 14 1516 17 18 19 20

Combined pseudocomponents | ] [ |

(Components in the first simulation) 1 2 3
(Components in the second simulation) 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20

The above outlines the procedure of simulation. First, the simulation is done using 3 CP.
Then the simulation is repeated using 20 pseudocomponents together with the temperature profile
obtained in the first simulation. This latter simulation required only one iterative temperature loop

to give the final temperature, vapor flow rates and product compositions.

The result of this simulation is presented in Table A4 in Appendix.
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6.6.2.2 : 4 combined pseudocomponents from 20 pseudocomponents grouping

Pseudocomponents 1234567 8910111213 14 15 16 17 18 19 20

Y OO | | | | |
Combined pseudocomponents | | [ [ | [ [

(Components in the first simulation) 1 2 3 4

(Components in the second simulation) 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20

The above outlines the procedure of simulation. First, the simulation is done using 4 CP.
Then the simulation is repeated using 20 pseudocomponents together with the temperature profile
obtained in the first simulation. This latter simulation required only one iterative temperature loop

to give the final temperature, vapor flow rates and product compositions.

The result of this simulation is presented in Figure 6.5-6.9 and Table AS in Appendix.
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6.6.2.3 : 5 combined pseudocomponents from 20 pseudocomponents grouping

Pseudocomponents 1234567 89101112 13 14 1516 17 18 19 20
............................. | | | | | |
Combined pseudocomponents | | [ [ | |

(Components in the first simulation) 1 2 3 4 5

(Components in the second simulation) 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20
The above outlines the procedure of simulation. First, the simulation is done using 5 CP.

Then the simulation is repeated using 20 pseudocomponents together with the temperature profile

obtained in the first simulation. This latter simulation required only one iterative temperature loop

to give the final temperature, vapor flow rates and product compositions.

The result of this simulation is presented in Table A6 in Appendix.
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6.6.2.4 : 7 combined pseudocomponents from 20 pseudocomponents grouping

Pseudocomponents 1234567 8910111213 14 15 16 17 18 19 20

Combined pseudocomponents — | || || || || | b

(Components in the first simulation) 1 2 3 4 5 6 7

(Components in the second simulation) 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20
The above outlines the procedure of simulation. First, the simulation is done using 7 CP.

Then the simulation is repeated using 20 pseudocomponents together with the temperature profile

obtained in the first simulation. This latter simulation required only one iterative temperature loop

to give the final temperature, vapor flow rates and product compositions.

The result of this simulation is presented in Table A7 in Appendix.
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6.6.3 : Light and Heavy CP’s Technique

Another method to reduce the number of components is as follows. All pseudocomponents
that are not expected to appear in the bottom product may be grouped into one component called
light CP. Similarly, all pseudocomponents that are not expected to appear in the distillate product
may be grouped into one component called heavy CP. Thus, the component grouping is shown as

follows.

10 11 12 13 14 15 16 17 18 19 20
R E——

14 components used in simulation 1 234567 89 1011 12 13 14

Pseudocomponents 1 2345678
[——

— O

2 Combined pseudocomponents | 4444444444444444444 |

Simulation is done by normal simulation technique with 14 components. The result is

presented in Figure 6.5-6.9 and Table A8 in Appendix.
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6.6.4 : %Deviation of Temperature Profiles (T ) Compared with Normal Simulation Technique

The temperature profiles of the distillation column as simulated by various techniques are similar
as shown in Figure 6.4. As shown in Table 6.18, the deviation of temperature from that of normal
techniques is very small, not exceed 2% for all CP techniques, except for the case of 3 CP

techniques, the deviation is less than 4%.

Table 6.10 %Deviation of Temperature Profiles (Tj) Compared with Normal Simulation Technique

3 Combined 4 Combined 5 Combined 7 Combined 14 Combined
Stage Pseudocomponents Pseudocomponents Pseudocomponents Pseudocomponents Pseudocomponents

1 1.11% 0.85% 0.09% 0.05% 0.34%
2 -0.28% 0.28% -0.70% -0.45% 0.12%
3 -0.61% 0.28% -0.88% -0.53% 0.17%
4 -1.01% 0.35% -0.98% -0.55% 0.20%
5 -1.48% 0.43% -1.02% -0.54% 0.18%
6 -1.97% 0.49% -1.02% -0.49% 0.12%
7 -2.43% 0.51% -0.97% -0.42% 0.02%
8 -2.83% 0.48% -0.90% -0.35% -0.12%
9 -3.17% 0.39% -0.81% -0.28% -0.30%
10 -3.44% 0.22% -0.71% -0.24% -0.52%
11 -3.65% -0.03% -0.62% -0.23% -0.78%
12 -3.80% -0.35% -0.56% -0.25% -1.05%
13 -3.88% -0.72% -0.57% -0.31% -1.34%
14 -3.89% -1:13% -0.65% -0.39% -1.63%
15 -3.83% -1.52% -0.82% -0.47% -1.87%
16 -3.61% -1.80% -1.04% -0.49% -1.99%
17 -2.98% -1.71% -1.12% -0.45% -1.73%
18 -1.09% -0.18% -0.77% -0.56% -0.05%

Tcombined - T20 pseudo
% Deviation = *100

T20 pseudo
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6.6.5 : Running Time of 20 Pseudocomponents and Combined Pseudocomponents

Running time is the total time of program execution. Initial properties of system and
initial data of various techniques are the same and setted in code program to start at the same
status. Time count starts when program is executed and stops at the end of calculation. In this
running time, the display results is not included.

The calculation running times on the K6-2 500 computer for various techniques are
presented on Table 6.19. It is evident that the shortest running time is obtained by the
“Temperature Profile by CP Technique” using 4 CP. This running time is about 10% that of

normal technique.

Table 6.11 Running Time of 20 Pseudocomponents and Combined Pseudocomponents

Case Computing Time (msec.)

Normal Technique

20 pseudocomponents 990

Temperature Profile by CP Technique

3 Combined pseudocomponents 160
4 Combined pseudocomponents 110
5 Combined pseudocomponents 280
7 Combined pseudocomponents 320

Light and Heavy CP’s Technique

14 Components 660
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6.6.6 : Comparison of Simulation Results

The results of petroleum fraction distillation by using CP technique are agreeable to that
of normal technique. Figure 6.4 compares the temperature profiles, Figure 6.5 compares the liquid
mole fraction profiles of distillate, Figure 6.6 compares the liquid mole fraction profiles of bottom,
Figure 6.7 compares the vapor mole fraction profiles of distillate, Figure 6.8 compares the vapor
mole fraction profiles of bottom, and Figure 6.9 compares the vapor flow rate profiles.

In Figure 6.8, deviation of y, by light and heavy CP technique for that of normal
technique is largest for pseudocomponent number 15. This may be caused by the deviation of
phase equilibrium constant K, of heavy CP from average K, value of pseudocomponents 16-20.
The value of K, of heavy CP is 0.6595 while the average K, of pseudocomponents 16-20 is 0.6787.

Note that the bottom stage containing mostly pseudocomponent number 15-20.
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CHAPTER 7

CONCLUSION

In this work, techniques for reducing petroleum distillation developed. The petroleum
distillation simulation was based on the properties generated by SRK equation. The distillation
model was solved by tridiagonal matrix method. The results of this work can be concluded as
follow.

1. The Kay’s rule can be used in determining properties of combined pseudocomponents.

2. In general, for petroleum fraction distillation simulation, the “Temperature profile by CP
technique” using 4 CP, may be employed. The running time of this technique is only about
11% that of normal simulation technique.

3. The “Temperature profile by CP technique” using 4 CP yields less than 2% deviation in
temperature profile from that of normal technique.

4. Running time of normal simulation technique can be reduced with the aid of light and heavy
combined pseudocomponents. The light combined pseudocomponent is the mixture of light
pseudocomponents that will not go to the bottom products and the heavy combined
pseudocomponent is the mixture of heavy pseudocomponents that will not go to the overhead

product.
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APPENDIX A
Data and Results
Input Data
N (No. of stage) =18 Feed Stage =17
B (Ibmole/hr) =5.58 m (No. of component) =20

Al Initial Operating Conditions Set (18 stages, 20 pseudocomponents)

Stage P(psia) W(lbmole/hr) | U(lbmole/hr) Q(Btu/hr) V(Ibmole/hr) T (deg. F)
1 14.696 0 20.75 0 0.00 257.12
2 14.696 0 0 0 58.64 368.23
3 14.696 0 0 0 55.00 433.97
4 14.696 0 0 0 55.00 451.34
5 14.696 0 0 0 55.00 457.05
6 14.696 0 0 0 55.00 459.42
7 14.696 0 0 0 55.00 461.53
8 14.696 0 0 0 55.00 462.04
9 14.696 0 0 0 55.00 463.02
10 14.696 0 0 0 55.00 463.74
11 14.696 0 0 0 55.00 464.40
12 14.696 0 0 0 55.00 465.12
13 14.696 0 0 0 55.00 465.80
14 14.696 0 0 0 55.00 466.54
15 14.696 0 0 0 55.00 467.38
16 14.696 0 0 0 55.00 468.23
17 14.696 0 0 0 55.00 469.26
18 14.696 0 0 0 55.00 620.96




A2 Initial Liquid Concentration, x,, (18 stages, 20 pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.4196 0.2026 0.1151 0.0725 0.0479 0.0335 0.0238 0.0191 0.0158 0.0136 0.0114 0.0092 0.0102 0.0052 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.1098 0.1035 0.0865 0.0840 0.0742 0.0692 0.0617 0.0591 0.0573 0.0573 0.0558 0.0506 0.0724 0.0525 0.0060 0.0001 0.0000 0.0000 0.0000 0.0000
3 0.0513 0.0549 0.0508 0.0564 0.0558 0.0590 0.0589 0.0618 0.0656 0.0718 0.0766 0.0749 0.1268 0.1181 0.0170 0.0004 0.0000 0.0000 0.0000 0.0000
4 0.0462 0.0466 0.0417 0.0450 0.0442 0.0472 0.0485 0.0524 0.0580 0.0666 0.0751 0.0773 0.1484 0.1710 0.0390 0.0009 0.0000 0.0000 0.0000 0.0000
5 0.0460 0.0456 0.0399 0.0417 0.0400 0.0416 0.0420 0.0452 0.0503 0.0586 0.0678 0.0718 0.1510 0.2095 0.0471 0.0018 0.0000 0.0000 0.0000 0.0000
6 0.0462 0.0455 0.0396 0.0408 0.0385 0.0392 0.0388 0.0410 0.0451 0.0522 0.0606 0.0649 0.1442 0.2349 0.0655 0.0032 0.0001 0.0000 0.0000 0.0000
7 0.0463 0.0455 0.0395 0.0405 0.0379 0.0381 0.0371 0.0338 0.0419 0.0477 0.0549 0.0586 0.1336 0.2485 0.0856 0.0053 0.0002 0.0000 0.0000 0.0000
8 0.0464 0.0455 0.0394 0.0403 0.0376 0.0376 0.0363 0.0375 0.0400 0.0449 0.0508 0.0537 0.1221 0.2522 0.1069 0.0086 0.0004 0.0000 0.0000 0.0000
9 0.0464 0.0455 0.0394 0.0402 0.0374 0.0372 0.0357 0.0367 0.0387 0.0429 0.0478 0.0499 0.1115 0.2478 0.1286 0.0133 0.0009 0.0000 0.0000 0.0000
10 0.0465 0.0455 0.0394 0.0401 0.0373 0.0370 0.0353 0.0361 0.0379 0.0416 0.0457 0.0471 0.1021 0.2371 0.1496 0.0200 0.0018 0.0000 0.0000 0.0000
11 0.0466 0.0456 0.0394 0.0401 0.0371 0.0367 0.0350 0.0356 0.0372 0.0406 0.0441 0.0449 0.0941 0.2218 0.1686 0.0292 0.0034 0.0000 0.0000 0.0000
12 0.0467 0.0456 0.0394 0.0400 0.0370 0.0365 0.0347 0.0352 0.0366 0.0397 0.0429 0.0431 0.0873 0.2033 0.1843 0.0413 0.0062 0.0000 0.0000 0.0000
13 0.0468 0.0457 0.0394 0.0399 0.0369 0.0363 0.0343 0.0348 0.0361 0.0390 0.0417 _0.0417 0.0815 0.1829 0.1950 0.0566 0.0112 0.0002 0.0000 0.0000
14 0.0469 0.0457 0.0394 0.0399 0.0368 0.0361 0.0342" 0.0345 0.0356 0.0382° 0.0407 0.0403 0.0765 0.1617 0.1990 0.0748 0.0193 0.0005 0.0000 0.0000
15 0.0470 0.0458 0.0394 0.0398 0.0366 0.0359 .0.0339 0.0341 0.0351 0.0375. 0.0397.0.0390 0.0720 0.14050.1952 0.0949 0.0320 0.0016 0.0001 0.0001
16 0.0472 0.0459 0.0394 0.0398 0.0365 0.0357 0.0336 0.0336 0.0345 0.0367 0.0386 0.0377 0.0677 0.1201 0.1824 0.1145 0.0505 0.0045 0.0005 0.0005
17 0.0474 0.0460 0.0395 0.0397 0.0364 0.0355 0.0332 0.0332 0.0339 0.0359 0.0375 0.0364 0.0635 0.1007 0.1602 0.1295 0.0745 0.0123 0.0024 0.0023
18 0.0044 0.0066 0.0072 0.0094 0.0104 0.0122 0.0134 0.0151 0.0173 0.0204 0.0237 0.0250 0.0523 0.1069 0.2183 0.2244 0.1629 0.0443 0.0136 0.0120

0.



A3 Output of Results

- Running Time on K6-2 500 MHz of 20 pseudocomponents is 990 msec.

A3-a Liquid Concentration, X, (18 stages, 20 pseudocomponents)

1

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1108 0.1083 0.0850 0.0882 0.0759 0.0760 0.0614 0.0610 0.0604 0.0592 0.0568 0.0512 0.0483 0.0404 0.0164 0.0008 0.0000 0.0000 0.0000 0.0000
2 0.0186 0.0279 0.0312 0.0445 0.0502 0.0625 0.0602 0.0708 0.0807 0.0902 0.0981 0.0982 0.1053 0.1048 0.0536 0.0032 0.0001 0.0000 0.0000 0.0000
3 0.0075 0.0123 0.0151 0.0241 0.0306 0.0424 0.0449 0.0585 0.0727 0.0887 0.1051 0.1136 0.1335 0.1512 0.0930 0.0066 0.0002 0.0000 0.0000 0.0000
4 0.0062 0.0096 0.0114 0.0176 0.0223 0.0314 0.0343 0.0466 0.0608 0.0784 0.0988 0.1131 0.1432 0.1815 0.1326 0.0114 0.0005 0.0000 0.0000 0.0000
5 0.0060 0.0090 0.0104 0.0155 0.0191 0.0263 0.0284 0.0388 0.0513 0.0680 0.0889 0.1060 0.1425 0.1995 0.1717 0.0177 0.0009 0.0000 0.0000 0.0000
6 0.0059 0.0088 0.0099 0.0147 0.0176 0.0238 0.0253 0.0339 0.0446 0.0594 0.0791 0.0968 0.1361 0.2074 0.2090 0.0260 0.0017 0.0000 0.0000 0.0000
7 0.0058 0.0086 0.0097 0.0142 0.0168 0.0224 0.0234 0.0309 0.0401 0.0530 0.0707 0.0875 0.1268 0.2075 0.2431 0.0365 0.0029 0.0001 0.0000 0.0000
8 0.0057 0.0085 0.0095 0.0138 0.0163 0.0215 0.0222 0.0289 0.0370 0.0482 0.0638 0.0791 0.1164 0.2017 0.2727 0.0495 0.0050 0.0002 0.0000 0.0000
9 0.0056 0.0083 0.0093 0.0135 0.0159 0.0208 0.0214 0.0275 0.0348 0.0447 0.0583 0.0718 0.1062 0.1917 0.2965 0.0651 0.0082 0.0005 0.0000 0.0000
10 0.0056 0.0082 0.0091 0.0132 0.0155 0.0202 0.0207 0.0264 0.0330 0.0419 0.0539 0.0657 0.0965 0.1789 0.3136 0.0833 0.0132 0.0011 0.0000 0.0000
11 0.0055 0.0081 0.0090 0.0130 0.0151 0.0197 0.0200 0.0254 0.0316 0.0397 0.0504 0.0604 0.0877 0.1644 0.3230 0.1038 0.0207 0.0023 0.0001 0.0000
12 0.0054 0.0080 0.0088 0.0127 0.0148 0.0192 0.0194 0.0245 0.0303 0.0378 0.0473 0.0560 0.0797 0.1491 0.3240 0.1261 0.0318 0.0047 0.0003 0.0000
13 0.0054 0.0079 0.0087 0.0124 0.0144 0.0186 0.0188 0.0237 0.0291 0.0359- 0.0445 0.0519 0.0725 0.1334 0.3160 0.1488 0.0474 0.0095 0.0010 0.0000
14 0.0053 0.0077 0.0085 0.0121 0.0140 0.0180 0.0181 0.0227 0.0278.0.0341 0.0418 0.0481 0.0657 0.1177 0.2984 0.1697 0.0685 0.0186 0.0031 0.0002
15 0.0052 0.0075 0.0082 0.0117°.0.0135 0.0173° 0.0173 0.0216 0.0262 0.0320 0.0389 0.0442 0.0590 0.1017 0.2702 0.1854 0.0948 0.0348 0.0095 0.0010
16 0.0051 0.0073 0.0079 0.0111 0.0127 0.0163 0.0162 0.0201 0.0243 0.0294 0.0354 0.0398 0.0518 0.0850 0.2304 0.1900 0.1232 0.0611 0.0268 0.0062
17 0.0048 0.0069 0.0074 0.0103 0.0117 0.0148 0.0146 0.0179 0.0215 0.0258 0.0307 0.0340 0.0431 0.0665 0.1770 0.1740 0.1432 0.0958 0.0673 0.0330
18 0.0004 0.0008 0.0011 0.0020 0.0027 0.0041 0.0046 0.0064 0.0085 0.0113 0.0148 0.0177 0.0247 0.0433 0.1381 0.1638 0.1649 0.1399 0.1399 0.1112

LL



A3-b Vapor Concentration, y; (18 stages, 20 pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3771 0.2217 0.1131 0.0804 0.0504 0.0392 0.0259 0.0211 0.0178 0.0151 0.0126 0.0101 0.0082 0.0056 0.0018 0.0001 0.0000 0.0000 0.0000 0.0000
2 0.1109 0.1083 0.0849 0.0882 0.0759 0.0761 0.0615 0.0610 0.0604 0.0592 0.0568 0.0511 0.0483 0.0404 0.0164 0.0008 0.0000 0.0000 0.0000 0.0000
3 0.0531 0.0582 0.0514 0.0609 0.0599 0.0676 0.0606 0.0672 0.0731 0.0785 0.0825 0.0805 0.0839 0.0806 0.0396 0.0023 0.0001 0.0000 0.0000 0.0000
4 0.0467 0.0488 0.0420 0.0486 0.0479 0.0552 0.0512 0.0594 0.0680 0.0773 0.0866 0.0897 0.1008 0.1087 0.0636 0.0044 0.0002 0.0000 0.0000 0.0000
5 0.0467 0.0476 0.0400 0.0448 0.0431 0.0487 0.0447 0.0522 0.0607 0.0710 0.0826 0.0891 0.1065 0.1270 0.0877 0.0073 0.0003 0.0000 0.0000 0.0000
6 0.0470 0.0477 0.0392 0.0439 0.0411 0.0457 0.0413 0.0474 0.0548 0.0645 0.0764 0.0847 0.1059 0.1376 0.1113 0.0111 0.0006 0.0000 0.0000 0.0000
7 0.0470 0.0476 0.0393 0.0435 0.0403 0.0442 0.0393 0.0445 0.0508 0.0593 0.0704 0.0790 0.1019 0.1423 0.1339 0.0162 0.0010 0.0000 0.0000 0.0000
8 0.0469 0.0478 0.0393 0.0431 0.0400 0.0434 0.0382 0.0426 0.0481 0.0554 0.0652 0.0733 0.0960 0.1421 0.1544 0.0225 0.0018 0.0001 0.0000 0.0000
9 0.0467 0.0474 0.0391 0.0430 0.0398 0.0429 0.0377 0.0415 0.0462 0.0525 0.0610 0.0681 0.0898 0.1384 0.1721 0.0304 0.0030 0.0001 0.0000 0.0000
10 0.0472 0.0475 0.0389 0.0428 0.0395 0.0425 0.0372 0.0407 0.0448 0.0503 0.0577 0.0637 0.0834 0.1322 0.1864 0.0398 0.0050 0.0003 0.0000 0.0000
11 0.0470 0.0476 0.0391 0.0429 0.0392 0.0422 0.0366 0.0400 0.0438 0.0487 0.0551 0.0599 0.0775 0.1243 0.1965 0.0508 0.0080 0.0007 0.0000 0.0000
12 0.0467 0.0477 0.0389 0.0427 0.0392 0.0420 0.0363 0.0394 0.0429 0.0474 0.0529 0.0568 0.0721 0.1154 0.2019 0.0631 0.0126 0.0014 0.0001 0.0000
13 0.0474 0.0479 0.0391 0.0425 0.0390 0.0416 0.0360 0.0390 0.0423 0.0462 0.0510 0.0540 0.0673 0.1060 0.2022 0.0765 0.0192 0.0028 0.0002 0.0000
14 0.0472 0.0476 0.0391 0.0425 0.0389 0.0414 0.0357 0.0385 0.0416 0.0452 0.0494 0.0516 0.0629 0.0965 0.1971 0.0900 0.0286 0.0057 0.0006 0.0000
15 0.0473 0.0475 0.0388 0.0424 0.0388 0.0412 0.0353 0.0380 0.0407-0.0441 0.0478 0.0493 0.0588 0.0869. 0.1860 0.1024 0.0412 0.0112 0.0019 0.0001
16 0.0479 0.0480 0.0390 0.0421 0:0383 0.0409 0.0349 0.0373 .0.0399. 0.0428 0.0461 0.0470 0.0547 0.0772 0.1686 0.1115 0.0569 0.0209 0.0057 0.0006
17 0.0475 0.0483 0.0392 0.0423 0.0384 0.0405 0.0344 0.0365 0.0389 0.0414 0.0441 0.0444 0.0504 0.0670 0.1441 0.1137 0.0735 0.0365 0.0160 0.0037
18 0.0049 0.0073 0.0078 0.0114 0.0126 0.0162 0.0159 0.0194 0.0231 0.0276 0.0327 0.0358 0.0452 0.0693 0.1817 0.1752 0.1406 0.0905 0.0586 0.0235

cl



A3-c Temperature and Vapor Flow Rate Profiles (18 stages, 20 pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 364.42 0.00
2 480.10 58.64
3 524.12 55.11
4 541.14 54.12
5 550.34 53.68
6 556.69 53.40
7 561.69 53.20
8 565.96 53.04
9 569.80 52.90
10 573.43 52.77
11 577.04 52.65
12 580.80 52.53
13 585.00 52.41
14 590.01 52.27
15 596.58 52.09
16 606.36 51.85
17 623.72 51.45

18 711.50 46.16




A4 Output of Results of Case 6.6.2.1

- Running Time on K6-2 500 MHz of 3 combined pseudocomponents is 160 msec.

A4-a Liquid Concentration, X, (18 stages, 3 combined pseudocomponents)

1

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1123 0.1097 0.0861 0.0892 0.0767 0.0767 0.0618 0.0611 0.0602 0.0587 0.0558 0.0498 0.0463 0.0378 0.0167 0.0010 0.0000 0.0000 0.0000 0.0000
2 0.0190 0.0285 0.0319 0.0454 0.0512 0.0636 0.0611 0.0717 0.0814 0.0905 0.0976 0.0969 0.1023 0.0992 0.0553 0.0042 0.0001 0.0000 0.0000 0.0000
3 0.0081 0.0131 0.0160 0.0253 0.0318 0.0438 0.0462 0.0597 0.0737 0.0893 0.1048 0.1120 0.1294 0.1424 0.0953 0.0087 0.0003 0.0000 0.0000 0.0000
4 0.0072 0.0109 0.0127 0.0194 0.0242 0.0337 0.0363 0.0486 0.0625 0.0796 0.0987 0.1113 0.1379 0.1687 0.1331 0.0145 0.0007 0.0000 0.0000 0.0000
5 0.0072 0.0108 0.0122 0.0181 0.0218 0.0295 0.0314 0.0418 0.0541 0.0702 0.0897 0.1045 0.1363 0.1821 0.1672 0.0218 0.0012 0.0000 0.0000 0.0000
6 0.0074 0.0110 0.0123 0.0179 0.0212 0.0281 0.0292 0.0382 0.0489 0.0632 0.0814 0.0964 0.1298 0.1859 0.1964 0.0306 0.0021 0.0001 0.0000 0.0000
7 0.0076 0.0112 0.0124 0.0180 0.0210 0.0276 0.0283 0.0363 0.0459 0.0585 0.0748 0.0889 0.1217 0.1834 0.2201 0.0408 0.0035 0.0001 0.0000 0.0000
8 0.0077 0.0113 0.0125 0.0180 0.0210 0.0274 0.0279 0.0354 0.0440 0.0554 0.0700 0.0826 0.1134 0.1768 0.2381 0.0525 0.0056 0.0003 0.0000 0.0000
9 0.0077 0.0113 0.0125 0.0180 0.0210 0.0272 0.0275 0.0347 0.0428 0.0533 0.0664 0.0776 0.1059 0.1682 0.2508 0.0657 0.0088 0.0005 0.0000 0.0000
10 0.0077 0.0113 0.0125 0.0179 0.0208 0.0269 0.0272 0.0341 0.0419 0.0516 0.0636 0.0735 0.0992 0.1585 0.2583 0.0803 0.0134 0.0011 0.0000 0.0000
11 0.0077 0.0112 0.0124 0.0178 0.0206 0.0266 0.0268 0.0335 0.0409 0.0501 0.0612 0.0700 0.0933 0.1485 0.2609 0.0962 0.0201 0.0022 0.0001 0.0000
12 0.0076 0.0111 0.0122 0.0175 0.0202 0.0261 0.0262 0.0327 0.0398 0.0486 0.0589 0.0668 0.0879 0.1383 0.2588 0.1129 0.0296 0.0045 0.0003 0.0000
13 0.0074 0.0109 0.0120 0.0171 0.0197 0.0254 0.0255 0.0318 0.0386 0.0469- 0.0565 0.0636 0.0826 0.1279 0.2517 0.1299 0.0428 0.0087 0.0009 0.0000
14 0.0072 0.0106 0.0116 0.0165 0.0191 0.0245 0.0246 0.0305 0.0370.-0.0448 0.0538 0.0602 0.0772 0.1172° 0.2393 0.1458 0.0604 0.0165 0.0028 0.0001
15 0.0070 0.0102 0.0111 0.0158°.0.0182 0.0233" 0.0233 0.0289 0.0350 0.0422 0.0505 0.0561 0.0712 0.1057 0.2207 0.1584 0.0827 0.0305 0.0084 0.0009
16 0.0066 0.0095 0.0104 0.0147 0.0169 0.0216 0.0216 0.0267 0.0321 0.0386 0.0460 0.0508 0.0638 0.0923 0.1943 0.1636 0.1076 0.0536 0.0237 0.0055
17 0.0059 0.0085 0.0092 0.0130 0.0148 0.0189 0.0188 0.0231 0.0277 0.0332 0.0393 0.0432 0.0535 0.0753 0.1567 0.1540 0.1278 0.0858 0.0609 0.0305
18 0.0005 0.0010 0.0014 0.0026 0.0036 0.0054 0.0062 0.0086 0.0115 0.0154 0.0201 0.0240 0.0328 0.0524 0.1311 0.1550 0.1567 0.1330 0.1330 0.1057

V.



A4-b Vapor Concentration, y; (18 stages, 3 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3914 0.2300 0.1174 0.0834 0.0521 0.0405 0.0266 0.0216 0.0182 0.0153 0.0126 0.0100 0.0081 0.0054 0.0018 0.0001 0.0000 0.0000 0.0000 0.0000
2 0.1127 0.1100 0.0863 0.0894 0.0768 0.0768 0.0619 0.0612 0.0603 0.0587 0.0559 0.0499 0.0464 0.0378 0.0167 0.0010 0.0000 0.0000 0.0000 0.0000
3 0.0564 0.0609 0.0534 0.0626 0.0611 0.0685 0.0611 0.0672 0.0726 0.0774 0.0806 0.0778 0.0797 0.0743 0.0397 0.0029 0.0001 0.0000 0.0000 0.0000
4 0.0526 0.0541 0.0455 0.0520 0.0505 0.0573 0.0524 0.0598 0.0676 0.0759 0.0836 0.0852 0.0937 0.0975 0.0616 0.0054 0.0002 0.0000 0.0000 0.0000
5 0.0544 0.0550 0.0451 0.0500 0.0470 0.0522 0.0471 0.0536 0.0609 0.0697 0.0791 0.0835 0.0967 0.1100 0.0810 0.0085 0.0004 0.0000 0.0000 0.0000
6 0.0564 0.0566 0.0461 0.0504 0.0465 0.0505 0.0448 0.0500 0.0563 0.0642 0.0735 0.0788 0.0943 0.1150 0.0975 0.0122 0.0007 0.0000 0.0000 0.0000
7 0.0579 0.0580 0.0471 0.0512 0.0468 0.0503 0.0439 0.0483 0.0535 0.0603 0.0686 0.0737 0.0897 0.1152 0.1109 0.0165 0.0011 0.0000 0.0000 0.0000
8 0.0591 0.0591 0.0479 0.0519 0.0473 0.0505 0.0437 0.0475 0.0520 0.0578 0.0649 0.0693 0.0846 0.1124 0.1215 0.0215 0.0018 0.0001 0.0000 0.0000
9 0.0598 0.0598 0.0484 0.0524 0.0476 0.0507 0.0437 0.0471 0.0511 0.0561 0.0623 0.0659 0.0799 0.1082 0.1295 0.0272 0.0029 0.0001 0.0000 0.0000
10 0.0602 0.0602 0.0487 0.0527 0.0478 0.0508 0.0437 0.0469 0.0506 0.0551 0.0604 0.0632 0.0759 0.1033 0.1351 0.0337 0.0044 0.0003 0.0000 0.0000
11 0.0604 0.0604 0.0488 0.0528 0.0479 0.0508 0.0436 0.0467 0.0501 0.0542 0.0589 0.0610 0.0724 0.0982 0.1385 0.0410 0.0068 0.0006 0.0000 0.0000
12 0.0603 0.0603 0.0488 0.0527 0.0478 0.0506 0.0434 0.0464 0.0497 0.0535 0.0578 0.0593 0.0694 0.0932 0.1399 0.0490 0.0101 0.0011 0.0000 0.0000
13 0.0601 0.0600 0.0486 0.0525 0.0476 0.0504 0.0431 0.0460 0.0492 0.0528 0.0567 0.0578 0.0668 0.0882 0.1393 0.0577 0.0150 0.0022 0.0001 0.0000
14 0.0595 0.0596 0.0482 0.0521 0.0472 0.0499 0.0427 0.0455 0.0485 0.0520 0.0555 0.0563 0.0643 0.0833 0.1365 0.0667 0.0217 0.0044 0.0005 0.0000
15 0.0588 0.0589 0.0477 0.0515 0.0467 0.0493 0.0422 0.0449 0.0478 0.0510 0.0543 0.0547 0.0618 0.0784 0.1315 0.0756 0.0310 0.0084 0.0014 0.0001
16 0.0575 0.0577 0.0469 0.0507 0.0459 0.0485 0.0415 0.0440 0.0468 0.0498 0.0528 0.0529 0.0592 0.0734 0.1240 0.0836 0.0431 0.0158 0.0043 0.0005
17 0.0552 0.0557 0.0454 0.0493 0.0447 0.0473 0.0404 0.0429 0.0455 0.0483 0.0510 0.0508 0.0563 0.0680 0.1139 0.0895 0.0582 0.0288 0.0127 0.0029
18 0.0063 0.0092 0.0101 0.0143 0.0164 0.0209 0.0207 0.0255 0.0305 0.0364 0.0429 0.0469 0.0579 0.0808 0.1656 0.1587 0.1275 0.0817 0.0526 0.0209

G/



A4-c Temperature and Vapor Flow Rate Profiles (18 stages, 3 combined pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 368.48 0.00
2 478.75 58.64
3 520.90 53.14
4 535.67 51.89
5 542.18 5142
6 545.75 51.15
7 548.07 50.98
8 549.92 50.85
9 551.73 50.77
10 553.68 50.70
11 555.96 50.64
12 558.76 50.58
13 562.32 50.53
14 567.04 50.46
15 573.74 50.37
16 584.45 50.26
17 605.14 50.11

18 703.75 45.96




A5 Output of Results of Case 6.6.2.2

- Running Time on K6-2 500 MHz. of 4 combined pseudocomponents is 110 msec.

A5-a Liquid Concentration, X, (18 stages, 4 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1111 0.1085 0.0852 0.0883 0.0760 0.0760 0.0614 0.0608 0.0601 0.0588 0.0563 0.0506 0.0476 0.0400 0.0183 0.0010 0.0000 0.0000 0.0000 0.0000
2 0.0185 0.0278 0.0311 0.0444 0.0501 0.0623 0.0600 0.0705 0.0802 0.0895 0.0970 0.0970 0.1037 0.1037 0.0599 0.0041 0.0001 0.0000 0.0000 0.0000
3 0.0074 0.0122 0.0150 0.0239 0.0304 0.0421 0.0446 0.0579 0.0719 0.0876 0.1035 0.1116 0.1308 0.1489 0.1034 0.0086 0.0003 0.0000 0.0000 0.0000
4 0.0062 0.0095 0.0112 0.0174 0.0220 0.0310 0.0338 0.0459 0.0598 0.0770 0.0967 0.1104 0.1395 0.1778 0.1466 0.0146 0.0006 0.0000 0.0000 0.0000
5 0.0059 0.0089 0.0102 0.0153 0.0187 0.0258 0.0279 0.0379 0.0501 0.0663 0.0864 0.1028 0.1379 0.1939 0.1884 0.0225 0.0012 0.0000 0.0000 0.0000
6 0.0058 0.0086 0.0097 0.0143 0.0172 0.0232 0.0246 0.0330 0.0433 0.0576 0.0764 0.0932 0.1307 0.2001 0.2274 0.0327 0.0022 0.0001 0.0000 0.0000
7 0.0057 0.0084 0.0095 0.0139 0.0164 0.0218 0.0228 0.0299 0.0388 0.0511 0.0678 0.0837 0.1208 0.1984 0.2618 0.0454 0.0037 0.0001 0.0000 0.0000
8 0.0056 0.0084 0.0093 0.0136 0.0160 0.0210 0.0216 0.0280 0.0357 0.0464 0.0610 0.0752 0.1101 0.1909 0.2900 0.0606 0.0063 0.0003 0.0000 0.0000
9 0.0056 0.0083 0.0093 0.0134 0.0157 0.0205 0.0209 0.0268 0.0337 0.0430 0.0557 0.0681 0.0998 0.1795 0.3107 0.0784 0.0102 0.0006 0.0000 0.0000
10 0.0057 0.0084 0.0093 0.0133 0.0155 0.0201 0.0205 0.0260 0.0323 0.0406 0.0518 0.0623 0.0904 0.1657 0.3226 0.0982 0.0160 0.0013 0.0000 0.0000
11 0.0058 0.0084 0.0093 0.0133 0.0155 0.0200 0.0202 0.0254 0.0314 0.0390 0.0488 0.0578 0.0822 0.1509 0.3253 0.1194 0.0245 0.0027 0.0001 0.0000
12 0.0059 0.0086 0.0094 0.0134 0.0155 0.0200 0.0201 0.0251 0.0307 0.0378 0.0466 0.0543 0.0753 0.1359 0.3185 0.1406 0.0364 0.0055 0.0004 0.0000
13 0.0060 0.0087 0.0095 0.0135 0.0156 0.0200 0.0200 0.0249 0.0303 0.0369- 0.0449 0.0514 0.0695 0.1215 0.3028 0.1604 0.0523 0.0107 0.0011 0.0000
14 0.0061 0.0088 0.0096 0.0136 0.0156 0.0199 0.0199 0.0246 0.0298.0.0360 0.0434 0.0489 0.0644 0.1079 0.2787 0.1763 0.0726 0.0199 0.0034 0.0002
15 0.0061 0.0089 0.0096 0.0136°.0.0155 0.0197 0.0196 0.0242 0.0291 0.0349 0.0417 0.0464 0.0596 0.0949 0.2472 0.1858 0.0966 0.0357 0.0099 0.0011
16 0.0060 0.0087 0.0094 0.0132 0.0150 0.0190 0.0188 0.0231 0.0277 0.0331 0.0392 0.0431 0.0542 0.0818 0.2085 0.1847 0.1213 0.0604 0.0267 0.0062
17 0.0056 0.0080 0.0086 0.0121 0.0137 0.0173 0.0171 0.0208 0.0248 0.0295 0.0347 0.0378 0.0466 0.0667 0.1613 0.1666 0.1382 0.0926 0.0655 0.0325
18 0.0005 0.0010 0.0013 0.0023 0.0032 0.0048 0.0054 0.0075 0.0100 0.0132 0.0171 0.0203 0.0275 0.0447 0.1297 0.1613 0.1632 0.1385 0.1385 0.1101

Yy



AS5-b Vapor Concentration, y; (18 stages, 4 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3852 0.2265 0.1157 0.0822 0.0514 0.0400 0.0263 0.0214 0.0181 0.0152 0.0127 0.0101 0.0083 0.0057 0.0020 0.0001 0.0000 0.0000 0.0000 0.0000
2 0.1109 0.1086 0.0855 0.0887 0.0764 0.0765 0.0618 0.0612 0.0606 0.0592 0.0566 0.0509 0.0480 0.0403 0.0185 0.0010 0.0000 0.0000 0.0000 0.0000
3 0.0531 0.0580 0.0515 0.0610 0.0600 0.0677 0.0607 0.0671 0.0729 0.0782 0.0820 0.0798 0.0829 0.0801 0.0444 0.0030 0.0001 0.0000 0.0000 0.0000
4 0.0468 0.0488 0.0418 0.0485 0.0478 0.0551 0.0511 0.0592 0.0676 0.0768 0.0858 0.0886 0.0994 0.1078 0.0712 0.0057 0.0002 0.0000 0.0000 0.0000
5 0.0463 0.0475 0.0396 0.0447 0.0428 0.0484 0.0445 0.0518 0.0601 0.0702 0.0815 0.0877 0.1046 0.1253 0.0977 0.0094 0.0004 0.0000 0.0000 0.0000
6 0.0463 0.0472 0.0391 0.0434 0.0408 0.0452 0.0409 0.0468 0.0541 0.0636 0.0750 0.0829 0.1034 0.1351 0.1233 0.0142 0.0007 0.0000 0.0000 0.0000
7 0.0465 0.0473 0.0390 0.0430 0.0400 0.0437 0.0389 0.0438 0.0499 0.0582 0.0688 0.0769 0.0988 0.1385 0.1469 0.0205 0.0013 0.0000 0.0000 0.0000
8 0.0469 0.0475 0.0391 0.0429 0.0397 0.0430 0.0379 0.0420 0.0471 0.0541 0.0634 0.0709 0.0924 0.1369 0.1671 0.0281 0.0023 0.0001 0.0000 0.0000
9 0.0474 0.0480 0.0393 0.0431 0.0396 0.0427 0.0373 0.0409 0.0453 0.0512 0.0591 0.0655 0.0855 0.1315 0.1830 0.0371 0.0038 0.0002 0.0000 0.0000
10 0.0482 0.0486 0.0397 0.0434 0.0398 0.0426 0.0370 0.0403 0.0441 0.0492 0.0558 0.0610 0.0788 0.1235 0.1934 0.0473 0.0061 0.0004 0.0000 0.0000
11 0.0492 0.0495 0.0404 0.0439 0.0401 0.0428 0.0370 0.0400 0.0434 0.0478 0.0533 0.0573 0.0726 0.1140 0.1978 0.0583 0.0094 0.0008 0.0000 0.0000
12 0.0504 0.0506 0.0411 0.0446 0.0406 0.0432 0.0372 0.0399 0.0431 0.0469 0.0516 0.0544 0.0674 0.1040 0.1961 0.0696 0.0142 0.0016 0.0001 0.0000
13 0.0517 0.0518 0.0420 0.0454 0.0412 0.0437 0.0375 0.0400 0.0429 0.0463 0.0503-0.0522 0.0629 0.0942 0.1888 0.0803 0.0207 0.0031 0.0002 0.0000
14 0.0530 0.0531 0.0429 0.0463 0.0419 0.0443 0.0378 0.0403 0.0429 0.0460 0.0494 0.0505 0.0593 0.0850 0.1767 0.0897 0.0291 0.0059 0.0006 0.0000
15 0.0541 0.0541 0.0437 0.0471 0.0425 0.0448 0.0382.0.0405.0.0429 0.0457_0.0486 0.0491 0.0563 0.0768 0.1610 0.0970 0.0397 0.0108 0.0019 0.0001
16 0.0546 0.0546 0.0442 0.0476 0.0429 0.0451 0.0384  0.0405 0.0428 0.0454 "0.0479 0.0479 0.0538 0.0696 0:1428 0.1013 0.0523 0.0192 0.0053 0.0006
17 0.0539 0.0541 0.0439 0.0474 0.0428 0.0450 0.0382 0.0403 0.0425 0.0448 0.0470 0.0466 0.0514 0.0632 0.1232 0.1019 0.0663 0.0329 0.0144 0.0033
18 0.0061 0.0088 0.0095 0.0133 0.0151 0.0190 0.0188 0.0228 0.0271 0.0321 0.0376 0.0408 0.0501 0.0711 0.1694 0.1711 0.1377 0.0884 0.0571 0.0228

~
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5-¢ Temperature and Vapor Flow Rate Profiles (18 stages, 4 combined pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 367.53 0.00
2 481.43 58.64
3 525.58 54.16
4 543.05 53.10
5 DOPNT3 52.62
6 559.43 52.35
7 564.57 52.13
8 568.68 51.93
9 572.00 51.75
10 574.68 51.58
11 576.87 51.42
12 578.79 51.26
13 580.76 51.11
14 583.33 50.96
15 587.49 50.82
16 595.42 50.68
17 613.08 50.52

18 710.23 46.10




A6 Output of Results of Case 6.6.2.3

- Running Time on K6-2 500 MHz. of 5 combined pseudocomponents is 280 msec.

A6-a Liquid Concentration, X, (18 stages, 5 combined pseudocomponents)

1

Stage 1 2 3 4 5 6 L 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1124 0.1098 0.0862 0.0894 0.0769 0.0770 0.0621 0.0616 0.0609 0.0595 0.0569 0.0510 0.0476 0.0377 0.0106 0.0004 0.0000 0.0000 0.0000 0.0000
2 0.0192 0.0289 0.0324 0.0462 0.0521 0.0648 0.0624 0.0733 0.0833 0.0929 0.1006 0.1003 0.1063 0.1001 0.0355 0.0017 0.0000 0.0000 0.0000 0.0000
3 0.0079 0.0129 0.0159 0.0255 0.0324 0.0448 0.0475 0.0618 0.0767 0.0934 0.1103 0.1185 0.1377 0.1478 0.0631 0.0036 0.0001 0.0000 0.0000 0.0000
4 0.0066 0.0102 0.0120 0.0187 0.0238 0.0336 0.0368 0.0501 0.0653 0.0842 0.1058 0.1206 0.1513 0.1820 0.0923 0.0063 0.0003 0.0000 0.0000 0.0000
5 0.0063 0.0095 0.0109 0.0165 0.0204 0.0282 0.0307 0.0420 0.0558 0.0741 0.0970 0.1155 0.1541 0.2054 0.1231 0.0102 0.0005 0.0000 0.0000 0.0000
6 0.0061 0.0092 0.0104 0.0155 0.0187 0.0255 0.0272 0.0368 0.0488 0.0654 0.0875 0.1073 0.1505 0.2197 0.1549 0.0155 0.0010 0.0000 0.0000 0.0000
7 0.0059 0.0089 0.0101 0.0148 0.0178 0.0238 0.0251 0.0334 0.0438 0.0585 0.0788 0.0983 0.1431 0.2263 0.1869 0.0226 0.0018 0.0001 0.0000 0.0000
8 0.0058 0.0087 0.0098 0.0143 0.0170 0.0227 0.0236 0.0310 0.0402 0.0531 0.0713 0.0896 0.1335 0.2262 0.2180 0.0319 0.0032 0.0001 0.0000 0.0000
9 0.0057 0.0084 0.0095 0.0139 0.0164 0.0217 0.0225 0.0292 0.0374 0.0488 0.0649 0.0814 0.1230 0.2206 0.2468 0.0438 0.0055 0.0003 0.0000 0.0000
10 0.0056 0.0083 0.0093 0.0135 0.0159 0.02090.0215 0.0278 0.0352 0.0453 0.0595 0.0741 0.1123 0.2104 0.2718 0.0587 0.0093 0.0008 0.0000 0.0000
11 0.0055 0.0081 0.0090 0.0131 0.0154 0.0202 0.0207 0.0265 0.0333 0.0424 0.0549 0.0676 0.1019 0.1966 0.2911 0.0766 0.0153 0.0017 0.0001 0.0000
12 0.0054 0.0080 0.0089 0.0128 0.0150 0.0195 0.0199 10.0254 0.0316 0.0399 0.0510 .0.0619 0.0920 0.1801 0.3030 0.0973 0.0244 0.0037 0.0002 0.0000
13 0.0054 0.0079 0.0087 0.0125 0.0146 0.0190 0.0193 0.0244 0.0302 0.0377 0.0475 0.0567 0.0827 0.1617 0.3056 0.1197 0.0380 0.0077 0.0008 0.0000
14 0.0053 0.0078 0.0086 0.0123 0.0143 0.0184 0.0186 0.0234 0.0288-0.0357 0.0443 -0.0521 0.0739 0.1421 0.2970 0.1419 0.0570 0.0156 0.0027 0.0001
15 0.0054 0.0078 0.0085 0.0121 0.0139 0.0179 0.0180 0.0225 0.0274 0.0336 0.0412 0.0476 0.0657 0.1217 0.2754 0.1604 0.0817 0.0301 0.0083 0.0009
16 0.0053 0.0077 0.0083 0.0118 0.0135 0.0172 0.0172 0.0213 0.0258 0.0313 0.0378 0.0429 0.0573 0.1004 0.2394 0.1696 0.1094 0.0544 0.0240 0.0056
17 0.0051 0.0073 0.0079 0.0110 0.0125 0.0158 0.0157 0.0193 0.0232 0.0278 0.0331 0.0369 0.0476 0.0776 0.1873 0.1604 0.1311 0.0878 0.0620 0.0306
18 0.0005 0.0009 0.0012 0.0022 0.0030 0.0045 0.0051 0.0071 0.0094 0.0126 0.0165 0.0200 0.0283 0.0525 0.1519 0.1568 0.1565 0.1328 0.1328 0.1055

08



A6-b Vapor Concentration, y, (18 stages, 5 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3836 0.2252 0.1148 0.0815 0.0510 0.0396 0.0261 0.0212 0.0179 0.0151 0.0125 0.0100 0.0081 0.0052 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.1130 0.1103 0.0866 0.0897 0.0771 0.0771 0.0622 0.0616 0.0609 0.0595 0.0568 0.0509 0.0475 0.0376 0.0106 0.0004 0.0000 0.0000 0.0000 0.0000
3 0.0548 0.0598 0.0530 0.0627 0.0617 0.0695 0.0624 0.0689 0.0748 0.0802 0.0840 0.0815 0.0839 0.0763 0.0260 0.0012 0.0000 0.0000 0.0000 0.0000
4 0.0485 0.0505 0.0433 0.0503 0.0497 0.0574 0.0533 0.0618 0.0707 0.0803 0.0897 0.0924 0.1028 0.1052 0.0427 0.0024 0.0001 0.0000 0.0000 0.0000
5 0.0479 0.0491 0.0410 0.0464 0.0446 0.0506 0.0468 0.0547 0.0637 0.0747 0.0869 0.0936 0.1110 0.1259 0.0605 0.0040 0.0002 0.0000 0.0000 0.0000
6 0.0476 0.0486 0.0403 0.0450 0.0425 0.0473 0.0430 0.0498 0.0579 0.0686 0.0816 0.0906 0.1129 0.1404 0.0794 0.0064 0.0003 0.0000 0.0000 0.0000
7 0.0472 0.0482 0.0399 0.0442 0.0414 0.0456 0.0409 0.0466 0.0537 0.0633 0.0759 0.0858 0.1110 0.1496 0.0992 0.0096 0.0006 0.0000 0.0000 0.0000
8 0.0469 0.0478 0.0395 0.0437 0.0407 0.0445 0.0395 0.0444 0.0506 0.0591 0.0706 0.0804 0.1067 0.1542 0.1193 0.0140 0.0011 0.0000 0.0000 0.0000
9 0.0466 0.0475 0.0392 0.0433 0.0402 0.0437 0.0386 0.0429 0.0483 0.0558 0.0660 0.0751 0.1010 0.1546 0.1390 0.0199 0.0020 0.0001 0.0000 0.0000
10 0.0464 0.0472 0.0389 0.0429 0.0397 0.0430 0.0378 0.0418 0.0466 0.0531 0.0621 0.0701 0.0946 0.1514 0.1572 0.0273 0.0034 0.0002 0.0000 0.0000
11 0.0462 0.0470 0.0387 0.0425 0.0393 0.0425 0.0372 0.0408 0.0452 0.0510 0.0588 0.0656 0.0881 0.1452 0.1729 0.0366 0.0057 0.0005 0.0000 0.0000
12 0.0462 0.0469 0.0386 0.0423 0.0390 0.0420 0.0366 0.0400 0.0440 0.0491 0.0559 0.0615 0.0815 0.1365 0.1848 0.0477 0.0094 0.0010 0.0000 0.0000
13 0.0465 0.0471 0.0386 0.0423 0.0388 0.0417 0.0362 0.0394 0.0430 0.0476 0.0534 _0.0579 0.0752 0.1259 0.1914 0.0602 0.0151 0.0023 0.0001 0.0000
14 0.0471 0.0476 0.0389 0.0424 0.0388 0.0415 0.0359" 0.0388 0.0421 0.0462 0.0512 0.0546 0.0691 0.1138 0.1914 0.0735 0.0233 0.0047 0.0005 0.0000
15 0.0479 0.0483 0.0394 0.0428 0.0390 0.0416 -0.0358 0.0385 0.0414 0.0450: 0.04920.0516 0.0635 0.1009 0.1839 0.0860 0.0344 0.0094 0.0016 0.0001
16 0.0490 0.0492 0.0400 0.0434 0.0394 0.0417 0.0358 0.0382 0.0409 0.0440 0.0475 0.0489 0.0583 0.0878 0.1686 0.0957 0.0485 0.0179 0.0049 0.0005
17 0.0496 0.0499 0.0405 0.0439 0.0397 0.0419 0.0358 0.0380 0.0403 0.0430 0.0458 0.0464 0.0535 0.0750 0.1462 0.1003 0.0644 0.0319 0.0140 0.0032
18 0.0056 0.0080 0.0087 0.0121 0.0137 0.0174 0.0172 0.0210 0.0251 0.0300 0.0356 0.0395 0.0506 0.0818 0.1944 0.1629 0.1293 0.0830 0.0536 0.0214

18



A6-¢c Temperature and Vapor Flow Rate Profiles (18 stages, 5 combined pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 364.74 0.00
2 476.73 58.64
3 519.52 54.54
4 535.86 53.57
5 544.71 53.16
6 551.00 52.94
7 556.22 52.77
8 560.86 52.64
9 565.21 52.51
10 569.39 52.38
11 573.48 52.25
12 577.54 52.11
13 581.68 51.94
14 586.16 51.75
15 591.67 51.53
16 600.05 51.27
17 616.74 50.96

18 705.99 46.25




A7 Output of Results of Case 6.6.2.4

- Running Time on K6-2 500 MHz. of 7 combined pseudocomponents is 320 msec.

A7-a Liquid Concentration, X, (18 stages, 7 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1118 0.1092 0.0858 0.0889 0.0765 0.0766 0.0619 0.0614 0.0607 0.0594 0.0569 0.0511 0.0479 0.0389 0.0125 0.0005 0.0000 0.0000 0.0000 0.0000
2 0.0190 0.0286 0.0320 0.0456 0.0515 0.0640 0.0616 0.0724 0.0824 0.0920 0.0997 0.0996 0.1060 0.1021 0.0413 0.0021 0.0001 0.0000 0.0000 0.0000
3 0.0077 0.0126 0.0156 0.0249 0.0317 0.0440 0.0466 0.0606 0.0753 0.0918 0.1085 0.1169 0.1365 0.1497 0.0728 0.0045 0.0001 0.0000 0.0000 0.0000
4 0.0064 0.0099 0.0117 0.0182 0.0232 0.0327 0.0358 0.0488 0.0637 0.0822 0.1034 0.1181 0.1488 0.1830 0.1058 0.0078 0.0003 0.0000 0.0000 0.0000
5 0.0061 0.0092 0.0106 0.0160 0.0197 0.0273 0.0297 0.0407 0.0540 0.0718 0.0941 0.1123 0.1505 0.2050 0.1401 0.0124 0.0006 0.0000 0.0000 0.0000
6 0.0059 0.0089 0.0101 0.0149 0.0181 0.0245 0.0262 0.0354 0.0470 0.0630 0.0843 0.1036 0.1459 0.2175 0.1748 0.0187 0.0012 0.0000 0.0000 0.0000
7 0.0057 0.0086 0.0097 0.0143 0.0171 0.0229 0.0241 0.0321 0.0420 0.0561 0.0755 0.0943 0.1376 0.2220 0.2088 0.0269 0.0022 0.0001 0.0000 0.0000
8 0.0056 0.0084 0.0095 0.0138 0.0164 0.0218 0.0227 0.0297 0.0384 0.0507 0.0680 0.0854 0.1275 0.2198 0.2407 0.0376 0.0038 0.0002 0.0000 0.0000
9 0.0055 0.0082 0.0092 0.0134 0.0159 0.0209 0.0216 0.0281 0.0358 0.0466 0.0618 0.0773 0.1167 0.2121 0.2689 0.0510 0.0064 0.0004 0.0000 0.0000
10 0.0055 0.0081 0.0090 0.0131 0.0154 0.0203 0.0208 0.0267 0.0338 0.0434 0.0567 0.0703 0.1060 0.2003 0.2918 0.0673 0.0107 0.0009 0.0000 0.0000
11 0.0054 0.0080 0.0089 0.0129 0.0151 0.0197 0.0201 0.0257 0.0321 0.0408 0.0525 0.0642 0.0959 0.1855 0.3077 0.0863 0.0173 0.0019 0.0001 0.0000
12 0.0054 0.0079 0.0088 0.0127 0.0148 0.0192 0.0195 0.0248 0.0308 0.0386 0.0490 0.0589 0.0866 0.1687 0.3153 0.1076 0.0272 0.0041 0.0003 0.0000
13 0.0054 0.0079 0.0087 0.0125 0.0145 0.0188 0.0190 0.0239 0.0295 0.0367- 0.0459 0.0544 0.0781 0.1508 0.3131 0.1300 0.0415 0.0084 0.0009 0.0000
14 0.0053 0.0078 0.0086 0.0122 0.0142 0.0183 0.0184 0.0231 0.0283.0.0349 0.0431 0.0503 0.0703 0.1324 0.3002 0.1516 0.0611 0.0167 0.0029 0.0001
15 0.0053 0.0077 0.0084 0.0119°.0.0138 0.0177 0.0178 0.0221 0.0270 0.0330 0.0403 0.0462 0.0628 0.1137 0.2757 0.1690 0.0863 0.0318 0.0087 0.0009
16 0.0052 0.0074 0.0081 0.0114 0.0131 0.0168 0.0167 0.0208 0.0251 0.0305 0.0368 0.0416 0.0550 0.0944 0.2383 0.1768 0.1143 0.0569 0.0251 0.0058
17 0.0049 0.0070 0.0075 0.0106 0.0120 0.0152 0.0151 0.0185 0.0223 0.0267 0.0319 0.0355 0.0456 0.0732 0.1856 0.1659 0.1359 0.0910 0.0642 0.0316
18 0.0004 0.0009 0.0012 0.0021 0.0029 0.0043 0.0048 0.0067 0.0090 0.0120 0.0157 0.0190 0.0268 0.0488 0.1481 0.1595 0.1596 0.1354 0.1354 0.1076

€8



A7-b Vapor Concentration, y, (18 stages, 7 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3811 0.2239 0.1142 0.0811 0.0507 0.0395 0.0260 0.0212 0.0179 0.0151 0.0126 0.0100 0.0081 0.0054 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.1124 0.1098 0.0862 0.0893 0.0768 0.0768 0.0620 0.0614 0.0607 0.0594 0.0568 0.0510 0.0478 0.0387 0.0124 0.0005 0.0000 0.0000 0.0000 0.0000
3 0.0541 0.0591 0.0524 0.0621 0.0611 0.0689 0.0618 0.0684 0.0743 0.0798 0.0836 0.0813 0.0841 0.0782 0.0304 0.0015 0.0000 0.0000 0.0000 0.0000
4 0.0476 0.0497 0.0426 0.0495 0.0490 0.0566 0.0526 0.0610 0.0699 0.0795 0.0889 0.0918 0.1027 0.1074 0.0497 0.0029 0.0001 0.0000 0.0000 0.0000
5 0.0469 0.0481 0.0402 0.0455 0.0438 0.0497 0.0460 0.0538 0.0627 0.0736 0.0858 0.0926 0.1103 0.1279 0.0701 0.0050 0.0002 0.0000 0.0000 0.0000
6 0.0465 0.0475 0.0395 0.0440 0.0416 0.0464 0.0422 0.0487 0.0568 0.0673 0.0801 0.0891 0.1115 0.1418 0.0914 0.0078 0.0004 0.0000 0.0000 0.0000
7 0.0463 0.0472 0.0390 0.0433 0.0405 0.0446 0.0400 0.0455 0.0524 0.0618 0.0741 0.0838 0.1089 0.1498 0.1131 0.0117 0.0007 0.0000 0.0000 0.0000
8 0.0461 0.0469 0.0387 0.0428 0.0399 0.0435 0.0386 0.0434 0.0493 0.0576 0.0687 0.0781 0.1038 0.1528 0.1344 0.0169 0.0013 0.0000 0.0000 0.0000
9 0.0460 0.0468 0.0385 0.0425 0.0394 0.0428 0.0377 0.0419 0.0471 0.0542 0.0640 0.0726 0.0976 0.1516 0.1544 0.0236 0.0023 0.0001 0.0000 0.0000
10 0.0460 0.0467 0.0384 0.0423 0.0391 0.0423 0.0371 0.0409 0.0454 0.0516 0.0601 0.0676 0.0908 0.1467 0.1718 0.0319 0.0040 0.0002 0.0000 0.0000
11 0.0461 0.0468 0.0384 0.0422 0.0389 0.0419 0.0366 0.0401 0.0442 0.0496 0.0569 0.0631 0.0841 0.1390 0.1855 0.0419 0.0066 0.0005 0.0000 0.0000
12 0.0464 0.0470 0.0386 0.0422 0.0388 0.0417 0.0363 0.0395 0.0432 0.0480 0.0543 0.0593 0.0776 0.1294 0.1946 0.0534 0.0106 0.0012 0.0000 0.0000
13 0.0468 0.0474 0.0388 0.0424 0.0388 0.0416_0.0360 0.0390 0.0424 0.0467 0.0521-0.0560 0.0717 0.1185 0.1980 0.0661 0.0166 0.0025 0.0002 0.0000
14 0.0473 0.0478 0.0390 0.0426 0.0389 0.0415 0.0359 0.0387 0.0418 0.0457 0.0503 0.0532 0.0664 0.1070 0.1954 0.0792 0.0252 0.0051 0.0005 0.0000
15 0.0478 0.0482 0.0393 0.0428 0.0390. 0.0415 0.0357. 0.0383.0.0412 0.0447_0.0487 0.0507 0.0615 0.0955 0.1865 0.0917 0.0369 0.0101 0.0017 0.0001
16 0.0480 0.0484 0.0395 0.0429 0.0390 0.0414 0.0355 0.0379 0.0406 0.0437 "0.0470° 0.0483 0.0571 0.0841 0:1712 0.1019 0.0518 0.0190 0.0052 0.0006
17 0.0483 0.0486 0.0395 0.0428 0.0388 0.0411 0.0351 0.0373 0.0396 0.0423 0.0451 0.0456 0.0524 0.0725 0.1485 0.1064 0.0685 0.0340 0.0149 0.0034
18 0.0055 0.0078 0.0084 0.0117 0.0132 0.0167 0.0165 0.0201 0.0241 0.0287 0.0341 0.0377 0.0481 0.0766 0.1910 0.1671 0.1331 0.0855 0.0553 0.0221
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A7-¢c Temperature and Vapor Flow Rate Profiles (18 stages, 7 combined pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 364.60 0.00
2 477.95 58.64
3 521.33 54.85
4 538.14 53.89
5 547.39 53.46
6 553.98 53.23
7 559.33 53.05
8 563.99 52.88
9 568.19 52.73
10 572.06 52.59
11 575.72 52.44
12 579.35 52.29
13 583.18 52.14
14 587.70 51.98
15 593.80 51.81
16 603.38 51.60
17 620.91 51.25

18 707.48 46.14




A8 Output of Results of Case 6.6.3

- Running Time on K6-2 500 MHz. of 14 combined pseudocomponents is 660 msec.

A8-a Liquid Concentration, X, (18 stages,

14 combined pseudocomponents)

1

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.1107 0.1083 0.0852 0.0882 0.0760 0.0762 0.0616 0.0612 0.0607 0.0595 0.0572 0.0516 0.0489 0.0406 0.0143 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.0268 0.0262 0.0206 0.0449 0.0507 0.0632 0.0609 0.0717 0.0818 0.0917 0.0999 0.1003 0.1077 0.1063 0.0472 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0116 0.0114 0.0090 0.0244 0.0311 0.0431 0.0457 0.0596 0.0742 0.0907 0.1078 0.1167 0.1375 0.1546 0.0826 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.0092 0.0090 0.0071 0.0179 0.0227 0.0321 0.0351 0.0478 0.0625 0.0809 0.1022 0.1173 0.1490 0.1877 0.1193 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.0087 0.0085 0.0067 0.0158 0.0195 0.0270 0.0293 0.0400 0.0531 0.0707 0.0929 0.1113 0.1502 0.2093 0.1569 0.0000 0.0000 0.0000 0.0000 0.0000
6 0.0085 0.0083 0.0065 0.0150 0.0181 0.0245 0.0261 0.0352 0.0466 0.0624 0.0836 0.1029 0.1456 0.2215 0.1950 0.0000 0.0000 0.0000 0.0000 0.0000
7 0.0083 0.0082 0.0064 0.0145 0.0173 0.0232 0.0243 0.0323 0.0422 0.0562 0.0756 0.0944 0.1380 0.2264 0.2325 0.0000 0.0000 0.0000 0.0000 0.0000
8 0.0082 0.0081 0.0063 0.0142 0.0169 0.0224 0.0233 0.0304 0.0392 0.0516 0.0690 0.0865 0.1291 0.2255 0.2688 0.0001 0.0001 0.0001 0.0001 0.0001
9 0.0081 0.0080 0.0063 0.0140 0.0165 0.0218 0.0225 0.0292 0.0372 0.0483 0.0638 0.0797 0.1201 0.2204 0.3030 0.0003 0.0003 0.0002 0.0002 0.0002
10 0.0081 0.0079 0.0062 0.0138 0.0162 0.0213 0.0219 0.0282 0.0357 0.0458 0.0598 0.0740 0.1115 0.2123 0.3344 0.0007 0.0007 0.0006 0.0006 0.0005
11 0.0080 0.0078 0.0062 0.0136 0.0160 0.0209 0.0215 0.0275 0.0345 0.0438 0.0566 0.0692 0.1035 0.2019 0.3619 0.0017 0.0016 0.0014 0.0014 0.0011
12 0.0079 0.0077 0.0061 0.0134 0.0157 0.0205 0.0210 0.0268 0.0334 0.0421 0.0538 0.0650 0.0961 0.1897 0.3836 0.0040 0.0039 0.0033 0.0033 0.0026
13 0.0078 0.0076 0.0060 0.0131 0.0153 0.0200 0.0204 0.0259 0.0322 0.0403 0.0510 0.0609 0.0886 0.1751 0.3957 0.0092 0.0091 0.0078 0.0078 0.0062
14 0.0076 0.0074 0.0059 0.0127 0.0148 0.0192 0.0195 0.0246 0.0305 0.0379 0.0475 0.0561 0.0801 0.1564 -0.3905 0.0206 0.0204 0.0173 0.0173 0.0138
15 0.0073 0.0071 0.0056 0.0119 -0.0138 0.0178 0.0180 0.0226 0.0278 0.0344 0.0425 0.0496 0.0691 0.1315-0.3564 0.0425 0.0421 0.0357 0.0357 0.0284
16 0.0068 0.0067 0.0053 0.0109 0.0125 0.0159 0.0159 0.0198 0.0241 0.0294 0.0359 0.0410 0.0555 0.1005 0.2872 0.0767 0.0759 0.0644 0.0644 0.0512
17 0.0063 0.0062 0.0049 0.0097 0.0110 0.0138 0.0137 0.0167 0.0200 0.0241 0.0287 0.0321 0.0416 0.0695 0.1982 0.1162 0.1149 0.0975 0.0975 0.0775
18 0.0007 0.0007 0.0005 0.0018 0.0025 0.0036 0.0041 0.0057 0.0075 0.0100 0.0131 0.0159 0.0226 0.0428 0.1459 0.1667 0.1649 0.1399 0.1399 0.1112
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A8-b Vapor Concentration, y; (18 stages, 14 combined pseudocomponents)

i

Stage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0.3858 0.2287 0.1177 0.0839 0.0528 0.0413 0.0274 0.0224 0.0190 0.0161 0.0135 0.0108 0.0089 0.0061 0.0017 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.1576 0.1005 0.0555 0.0879 0.0758 0.0761 0.0616 0.0612 0.0607 0.0596 0.0574 0.0518 0.0491 0.0408 0.0144 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0814 0.0533 0.0301 0.0610 0.0601 0.0679 0.0611 0.0677 0.0738 0.0796 0.0839 0.0821 0.0857 0.0818 0.0350 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.0686 0.0453 0.0258 0.0487 0.0482 0.0556 0.0517 0.0601 0.0690 0.0788 0.0884 0.0918 0.1036 0.1111 0.0566 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.0667 0.0442 0.0253 0.0449 0.0432 0.0490 0.0453 0.0529 0.0618 0.0726 0.0848 0.0920 0.1104 0.1311 0.0789 0.0000 0.0000 0.0000 0.0000 0.0000
6 0.0663 0.0441 0.0253 0.0438 0.0413 0.0460 0.0417 0.0482 0.0560 0.0664 0.0791 0.0882 0.1110 0.1440 0.1018 0.0000 0.0000 0.0000 0.0000 0.0000
7 0.0662 0.0441 0.0254 0.0433 0.0405 0.0445 0.0399 0.0453 0.0520 0.0613 0.0733 0.0830 0.1080 0.1513 0.1249 0.0000 0.0000 0.0000 0.0000 0.0000
8 0.0661 0.0441 0.0255 0.0431 0.0401 0.0438 0.0388 0.0435 0.0494 0.0575 0.0684 0.0777 0.1033 0.1540 0.1477 0.0000 0.0000 0.0000 0.0000 0.0000
9 0.0660 0.0442 0.0255 0.0430 0.0399 0.0433 0.0382 0.0424 0.0476 0.0547 0.0644 0.0729 0.0978 0.1533 0.1696 0.0001 0.0001 0.0001 0.0000 0.0000
10 0.0659 0.0442 0.0256 0.0429 0.0397 0.0430 0.0377 0.0416 0.0463 0.0527 0.0612 0.0687 0.0922 0.1501 0.1903 0.0003 0.0002 0.0002 0.0001 0.0000
11 0.0659 0.0442 0.0256 0.0428 0.0396 0.0427 0.0374 0.0411 0.0454 0.0511 0.0588 0.0652 0.0869 0.1450 0.2092 0.0008 0.0006 0.0004 0.0002 0.0001
12 0.0658 0.0442 0.0256 0.0428 0.0394 0.0425 0.0372 0.0406 0.0447 0.0500 0.0568 0.0623 0.0821 0.1386 0.2257 0.0019 0.0015 0.0009 0.0006 0.0002
13 0.0657 0.0442 0.0257 0.0427 0.0393 0.0423 0.0369 0.0402 0.0441 0.0489 0.0551"-0.0598 0.0775 0.1311 0.2386 0.0045 0.0035 0.0022 0.0014 0.0005
14 0.0655 0.0443 0.0258 0.0426 0.0392 0.0421 0.0366 0.0398 0.0434 0.0479 0.0534 0.0572 0.0729 0.1220 0.2454 0.0104 0.0081 0.0051 0.0032 0.0012
15 0.0651 0.0443 0.0261 0.0425 0.0389. 0.0417 0.0361.0.0391_0.0424 0.0465_0.0513 0.0543 0.0677 0.1105 0.2414 0.0232 0.0181 0.0113 0.0071 0.0026
16 0.0646 0.0445 0.0264 0.0422 0.0385" 0.0411 0.0354  0.0380 0.0409 0.0444 "0.0484 0.0504 0.0610 0.0951 0:2195 0.0471 0.0367 0.0231 0.0144 0.0054
17 0.0641 0.0447 0.0269 0.0420 0.0380 0.0402 0.0344 0.0365 0.0389 0.0416 0.0445 0.0453 0.0528 0.0761 0.1763 0.0832 0.0650 0.0411 0.0259 0.0098
18 0.0089 0.0065 0.0040 0.0106 0.0120 0.0150 0.0148 0.0180 0.0215 0.0257 0.0306 0.0340 0.0439 0.0727 0.2047 0.1909 0.1512 0.0977 0.0638 0.0260

[ee]
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A8-c Temperature and Vapor Flow Rate Profiles (18 stages, 14 combined pseudocomponents)

Stage T (deg. F) V (Ibmole/hr)
1 365.65 0.00
2 480.66 58.64
3 525.01 54.79
4 542.19 53.76
5 551.32 53.30
6 557.36 53.00
7 561.80 52.77
8 565.26 52.59
9 568.07 52.43
10 570.42 52.28
11 542:55 52.15
12 574.68 52.02
13 577.13 51.90
14 580.39 51.78
15 585.41 51.66
16 594.28 51.53
17 612:90 51.37

18 711.12 46.79
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APPENDIX B

SOURCE CODE OF PROGRAM

#include <iostream.h>
#include <stdio.h>
#include <math.h>
#include <conio.h>
#include <time.h>

#define R 10.73

// Parameters //

int 1,j,k,m,n;

double Psys,Bottom,Reflux,Distil, Totalz, Tfeed,runtime,error;

double API[40],MW[40][40],SG[40][40],w[40][40],Tb[40][40],Tc[40][40],InPc[40],Pc[40][40],
z[40][40],iTbr[40],iKp[40],feed[40],U[40],L[40],V[40],W[40]; // For Input Prop //

double mi[40][40],Pr[40][40],Tr[40][40],Lij[40][40],ai[40][40],bi[40][40]; // For Thermo Prop //

double asuml1[40],bsuml1[40],asumli2[40],Ail[40],Bil[40],Aipl[40][40],Bipl[40][40],
ZL[40],Inful [40][40]; // For Liquid //

double asumv1[40],bsumv1[40]asumv2[40],Aiv[40],Biv[40],Aipv[40][40],Bipv[40][40],

ZV[40],InfuV[40][40]; // For Vapor //
double TrF[40],LijF[40],aiF[40],biF[40],asumf1,bsumfl,Aif,Bif,ZLF; // For Feed //
int comp,stage,vs,fs,checksum,Iter,Method; // For System Prop //
double X[40][40],T[40],Kij[40][40]; // For Process //

double Afeed,A[40][40],B[40][40],C[40][40],D[40][40],P[40][40],Q[40][40],SumX[40];
// For Calc Xij //
double fT[40],fTp[40],Tn[40],partl V[40],part1L[40],part2V[40],part2L[40];
// For Calc Tj //
double Kp[40][40],CF[40][40],Ah[40][40],Bh[40][40],Ch[40][40],Acp[40][40],
Bcep[40][40],Ccp[40][40]; // For Coef H Ideal //
double Hi[40][40],HidealL[40], HidealV[40],HidealF,Tdal[40], Tdav[40],Tdaf,H[40],h[40],HF;

// For Calc hj & Hj //



// Parameters for Advance Calculate //

int Oldcomp,count,xcount,Gcomp[20],Gsize,no_G,gr,bgin,bgroup,Iter2;

double iMWI[40],iTb[40],iTc[40],iPc[40],iw[40],iSG[40],iz[40];

double iTbm[20][40],iTcm[20][40],iPcm[20][40],iwm[20][40],iSGm[20][40],izm[20][40],

iXm[20][40],RatioX[40][40],F_Kij[40][40],F_X[40][40];

// Function Calculate Thermodynamic Properties each stage //
void ThermoProp(double T, int jj)
{
for (i=0;i<comp;i++)
{
mili][jj]=0.48+1.574*w[il[jj]-0.176*w[il[jj1*w[il[jj1;
Pri](jjl=Psys/Pclil[jj];
Tr[i][jj1=T/Telilljjl;
Lij[i][jj1=pow(1+(mili][jj]*(1-pow(Tr[i][jj].0.5))).2);
ai[i][jj1=0.42748*pow(R*Tc[il[j1,2)*Lij[il[jj1/Pclill[jjl;
bi[i][jj]=0.08664*R*Tc[i][jj1/Pclilljjl;
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// Function Z //
double ZF(double z,double A,double B)
{

recalc :
double Fz=pow(z,3)-pow(z,2)+(A-B-(B*B))*z-(A*B);
double Dz=(3*z*z)-(2*z)+A-B-(B*B);
double Zn=z-(Fz/Dz);
if(fabs(Zn-z)< 0.0001)
return Zn;

else

z=7/n;

goto recalc;

}
// Function LN Fugacity //
double Infu(double Zn,double A,double B,double Ap,double Bp)
{
return -log(Zn-B)+(Zn-1)*Bp-(A/B)*(Ap-Bp)*log(1+(B/Zn));
}
// Function Calculate Z for liquid each stage //
void Z_lig(double T,int jj)
{
asuml1[jj]=0;
asuml2[jj]=0;
bsuml1[jj]=0;
for (int m=0;m<comp;m++)
{
asuml2[jjl=asuml2[jj]+(X[m][jj]*pow(ai[m][jj],0.5));
bsuml1[jj]=bsuml1 [jj]+X[m][jj1*bilm][jj]);
for (n=0;n<comp;n++)

asuml1[jjl=asuml1[jj-+(X[m][jj]*X[n][jj]*pow(ai[m][jj]*ai[n][jj],0.5));



}
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}

for (int i=0;i<comp;i++)

{
Ail[jjl=asuml1[jj]*Psys/pow(R*T,2);
Bil[jj]=bsuml1[jj]*Psys/(R*T);
Aipl[i][jjl=2*pow(aili][jj],0.5) *asuml2[jj]/asuml 1[jj];
Bipl[i][jjl=bilil[jj/bsuml1jj];
ZL[jj1=ZF(0,Ail[jj],Bil[jj1);
InfuL[i][jj]=Infu(ZL[jj], Ailljj],Bil[jj] AiplLil(jj1, Bipl[il (jj];

}

// Function Calculate Z for vapor each stage //

void Z_vap(double T,int jj)

{

asumv1[jj]=0;
asumv?2[jj1=0;
bsumv1[jj]=0;

for (m=0;m<comp;m++)

{
asumv2[jjl=asumv2[jj H(Kij[m][jj]*X[m][jjI*pow(ai[m][jj],0.5));
bsumv 1[jj]=bsumv1[jj]+(Kij[m][jj1*X[m][jj]*bilml[j;]);
for (n=0;n<comp;n++)
asumy Hjjl=asumv1 [jj]+(Kij [m] [jj*X[m]{jj]*Kij[n][jj]*X[n][jj]
*pow(ai[m][jj]*ai[n][jj],0.5));
}
for (i=0;i<comp;i++)
{

Aiv[jjl=asumv1[jj]*Psys/pow(R*T,2);
Biv[jjl=bsumv1[jj]*Psys/(R*T);
Aipvlilljjl=2*pow(ailil[jj],0.5)*asumv2[jjl/asumv1[jj];
Bipvl[il[jjl=bilil[jjl/bsumv1[jj];
ZV[jiI=ZF(1,Aiv(jjL.Biv[jjD;



InfuV[i][jjl=Infu(ZV[jjl,Aiv[jj],Biv[jj] Aipv[il[jjl.Bipv[il[jjD;

H
// Function Calculate Z for Feed stage //
void Z_feed(double T)
{
for (i=0;i<comp;i++)
{
TrF[i]=T/Tcl[il[fs];
LijF[i]=pow(1+(mi[i][fs]*(1-pow(TrE[i],0.5))),2);
aiF[i]=0.42748*pow(R*Tc[i][fs],2)*LijF[i]/Pc[i][fs];
biF[i]=0.08664*R*Tc[i][fs]/Pc[i][fs];
}
asumf1=0;
bsumf1=0;
for (m=0;m<comp;m-++)
{
bsumf1=bsumf1+(z[m][{5]*biF[m]);
for (n=0;n<comp;n++)
asumfl=asumfi-+(z[m][fs]*z[n][fs]*pow(aiF[m]*aiF[n],0.5));
H
Aif=asumf1*Psys/pow(R*T,2);
Bif=bsumf1*Psys/(R*T);
ZLF=ZF(0,Aif Bif);
}
// Function Calculate Lj //
void Lj()
{
for (j=1;j<stage-1;j++)
{
double Lsum=0;

for (k=1;k<j;k++)
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Lsum=Lsum+(feed[k]-W[k]-U[k]);
¥
L[j1=V[j+1]+Lsum-(V[0]+U[0]);

H
// Function Calculate A1,B1,C1,D1 & An,Bn,Cn,Dn //

void ABCD 1 n()

{
for (i=0;i<comp;i++)
{
BIi][0]=-(V[0J*Kij[i][0]+L[0]+U[0]);
CLI0I=VIT*Kijlil1];
D[i][0]=0;
Ali][stage-1]=V[stage-1]+Bottom;
Blil[stage-1]=-(V[stage-1]*Kij[il[stage-1]+Bottom);
Cl[i][stage-1]=0;
Dlil[stage-1]=0;
}
}
// Function Calculate Aj,Bj,Cj,Dj //
void ABCD ()
{
for (i=0;i<comp;i++)
{
for (j=1;j<stage-1;j++)
{
Afeed=0;

for (k=1;k<j;k++)
Afeed=Afeed+(feed[k]-WI[k]-U[k]);
Alill[jI=V[jl]+Afeed-(V[0]+U[0]);
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H

for (j=1;j<stage-1;j++)

{
BL][jI=-((VIHWOD*Kij G DAL+ 11+ U[D;
ChIGI=EVIH K+
D[i][jl=-feed[j]*z[i][j];

}

// Function Calculate Xij //

void Xij()

for (i=0;i<comp;i++)

{
P[i][0]=CIi][0}/B[i][0];
Qlilfo]=D{iI[0)/BIill0];
for (j=1;j<stage-1;j++)
PLi][jI=CLGV B[ -ALIG*PLl-11;

for (j=1;j<stage;j++)

QLI=MIIGI-ALIGI*QEIG-1D/ABLIGI-ALIGT*PLI-1D;

X[il[stage-1]=Q[i][stage-1];
for (j=stage-2;j>=0;j--)
X[ilf1=QLGI-PHIGI*Xij+11;

}

for (j=0;j<stage;j++)

{
SumX[j]=0;
for (i=0;i<comp;i++)

SumX[jl=SumX[j1+X[il[j];

for (m=0;m<comp;m-++)

X[m][j]=X[m][j}/SumX[j];
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// Function Calculate Tj //

void Tj(int j)

{

}

fT]jl=-1;

fTplj]=0;

for (i=0;i<comp;i++)

{

T I=TIHKG G X GD;

part] V[jI=((Psys*bsumv 1 [jI/(R*T[jI*ZV[j])/
(1-(Psys*bsumv1[jl/(R*T[j1*ZV[j])));

part1 L[j]=((Psys*bsuml 1 [jI/(R*T[j]*ZL[j]))/
(1-(Psys*bsuml1 [jI/R*T[]*ZL[j])));

part2V[jl=(Aiv[jl/Biv[jD*(Aipv[il[jI-Bipv[il[jD*( (Psys*bsumv1[j}/
R*T[1*ZVID)A+Psys*bsumvl [jI/(R*T[1*ZV[1)))
+og(1+(Psys*bsumv1[jIAR*THI*ZVIj)) );

par2L[jl=(Ail[jI/Bil[j)*(Aipl[i][j]-Bipl[il iD*( ((Psys*bsuml1[j]/
R*T[IFZLGD)/(1+H(Psys*bsuml1[jJ/(R*T[j]*ZL[j]))))
+og(1+(Psys*bsuml1[jJ/(R*T[jI*ZL[j])) );

fTp[j 1=t Tp[j I+ (K[ *XTil[j1*((part1 V{j]-part 1L [j])/T(j]

+H(part2L[j]-part2V[jI/T[jD);

// Function Calculate coeficient for H Ideal //

void CoefH(int j)

{

for (i=0;i<comp;i++)

{

Kplilljl=pow(Tb[i1[j1,0.333333)/SGlil[j];
CE[il[jl=pow((12.8/Kplil[jl-1)*(10/Kplil[j]-1)*100,2);
AR[i][j]=-0.0084773+0.080809*SGIil[j;
Bhli][j]=(2.1773-2.0826*SG[i][j])*pow(10,-4);



Ch[i][j]=-(0.78649-0.70423*SG[i][j])*pow(10,-7);
Acplil[j]=-0.32646+0.02678*Kplil[j];
Beplil[j]=-(1.3892-1.2122*Kp[i][j]+0.03803*pow(Kp[il[j],2))*pow(10,-4);
Ceplil[jl=-1.5393¢-7;

h
// Function Calculate h Ideal //
double HiL(int j)
{
double HI=0;

for (i=0;i<comp;i++)

{

Hili][j]=( (Acplil[j1*(T[j1-492)) + (Beplil[jl*(pow(TI[j1,2)-pow(492,2))/2)
H(CeplilljI*(pow(TT(j],3)-pow(492,3))/3))
+CE[][*((AR[I[T*(T[j1-492))+(Bh[i1[j]*(pow(T([j1,2)
-pow(492,2))/2)+(Chli][jI*(pow(TIj],3)-pow(492,3))/3));

HI=HI-Xi]]*Hili[];

H
return HI;
H
// Function Calculate H Ideal //
double HiV(int j)
{

double Hv=0;
for (i=0;i<comp;it+)
{

Hi[i][j1=( (Acplil[jI*(T[j1-492)) + (Beplil[j1*(pow(TIj],2)-pow(492,2))/2)
HCeplil[jI*(pow(T[j1,3)-pow(492,3))/3))
+CFLiI[T*((ARLI[I*(T(j1-492))+(BhIi[j1* (pow(T[j1,2)
-pow(492,2))/2)+(Chlil[j]*(pow(T[j].3)-pow(492.3))/3));

Hv=Hv+Kij[i][j1* X[ 1*Hilil[j1;



return Hv;
h
// Function Calculate h Ideal Feed //
double HiF(double T)

{
double Hf=0;

for (i=0;i<comp;i++)

{
Hili][fs]=( (Acplil[fs]*(T-492)) + (Beplil[fs]*(pow(T,2)-pow(492,2))/2)
+HCepllIfsI*(pow(T,3)-pow(492.3))/3))
+CFiLfs (AR H(T-492)) (BRIl [£s]*(pow(T.2)-pow(492,2))/2)
+(ChLil[fs ] *(pow(T.3)-pow(492.3))/3));
HE=HE[ s PHIGI);
}
return Hf;
}
// Function Calculate Tda for Liquid //
double TdaL(int j)
{

double Tda=0;

for (m=0;m<comp;m-++)

{

for (n=0;n<comp;n++)

{

Tda=Tda+X[m][j1*X[n][j]*mi[n][j]*pow((ailm][j]*ai[n][jI*T[j]/
(Te[n][1*Lijn](iD),0.5));

}
}
return Tda;

}

// Function Calculate Tda for Vapor //

double TdaV(int j)
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{
double Tda=0;
for (m=0;m<comp;m++)
{
for (n=0;n<comp;n++)
{
Tda=Tda+(Kij[m][j]*X[m][j]*Kij[n][j*X[n][j*mi[n][j]*
pow((ai[m][jl*ai[n][jI*T[j1/(Te[n][j1*Lij[n][j1),0.5));
}
}
return Tda;
}
// Function Calculate Tda for Feed //
double TdaF()
{

double Tda=0;

for (m=0;m<comp;m++)

{
for (n=0;n<comp;n++)
{
Tda=Tda+(z[m][fs]*z[n][fs]*mi[n][fs]*pow((aiF [m]*aiF [n]
*Tfeed/(Te[n][fs]*LijF[n])),0.5));
H
H
return Tda;
}
// Function Initial Group Properties //
void InitGprop()
{

for (j=0;j<stage;j++)
{

count=0;
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xcount=0;
for (m=0;m<no_G;m++)
{
iTbm[m]([j]=0;
iTem[m][j]=0;
iPem[m][j]=0;
iwm[m][j]=0;
iSGm[m][j]=0;
izm[m][j]=0;
iXm[m][j]=0;
for (n=0;n<Geomp[m];n++)
{
iXm[m][jl=Xm[m][jl+X[xcount][j];
izm[m][j]=izm[m][j]+z[xcount][j];
xcount=xcount+1;
}
for (n=0;n<Gcomp[m];n++)
{
if (iIXm[m][j]'=0)
RatioX[count][jl=X[count][j}/iXm[m][jl;
else
RatioX[count][j]=1.00/Gcomp[m];
iTbm[m][j]=iThm[m][j}+RatioX count][j*iTb[count];
iTem[m][j]=iTem[m][jl+RatioX[count][j]*iTc[count];
iPem[m]{j]=iPem[m][j]+RatioX[count][j*iPclcount];
iwm{m]{jliwm[m]{j]+RatioX[ count]fjT*iwl[count]:
iSGm[m][j]=iSGm[m][j]+RatioX[count][j]*iSG[count];

count=count+1;



// Function Advance Calculate //

void AdvCalc(int gr)

{

comp=Gcomp|[gr]+no G-1;

for (j=0;j<stage;j++)

{

bgin=0;
for (i=0;i<gr;i++)
{
bgin=bgint+Gcomplil;
}
for (m=0;m<Geomp|[gr]:m++)
{
Tb[m][jl=iTb[bgin];
Te[m][j]=iTe[bgin];
Pc[m][j]=iPc[bgin];
wlm][jl=iw[bgin];
SG[m][jl=iSG[bgin];
z[m][jl=iz[bgin];
X[m][jI=X[bgin][jl;
bgin=bgin+1;
}
k=0;
for (n=Gcomplgrl;n<comp;n++)
{
if (k!=gr)
{
Tb[n][jl=Tbm[k][j];
Te[n][jl=iTem[k][j1;
Pc[n][jl=iPem[k][j];
win][jl=iwm[k][j];

SG[n][j]=iSGm[k][j];
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z[n][jl=izm[k][j];
X[n][jl=iXm[k][j];

H
else
n=n-1;
k=k+1;
}
}
}
// Function Recalculate Group Properties //
void Regroup(int gr)
{

for (j=0;j<stage;j++)
{
iXml[gr][j]=0;
bgin=0;
for (i=0;i<gr;i++)
{
bgin=bgin+Gcompli]; // Indicate first component of Group
H
bgroup=Gcomplgr];
for (n=0;n<Gcomp[gr];n++)
iXmlgr][jl=iXm[er][jl+X[n][j];
for (n=0;n<Gcomp[gr];n++)
{
if (iIXm[gr]!=0)
RatioX[bgin][j]1=X[n][j1/iXm[gr][j];
else
RatioX[bgin][j]=1.00/Gcomp[gr];
F_X[bgin][jI=X[n][j];
F_Kij[bgin][jl=Kij[n][jl;

bgin=bgin+1;



H
for (n=0;n<no_G;n++)
{

if (n!=gr)

{
iXm[n][j]=X[bgroupl[jI;
bgroup=bgroup+1;

}

}
}
}
/I Function Recalculate Xij //
void RecalcX()
{
for (j=0;j<stage;j++)
{
bgin=0;
for (n=0;n<no_G;n++)
{

for (i=0;i<Gcomp[n];i++)

{
X[bgin][j]=RatioX[bgin][j]*iXm[n][j];
bgin=bgin+1;

b

}
}
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/1 Main Program /1111111111100 T

void main()

{

comp=20;

stage=18;
Psys=14.696;

for (j=0;j<stage;j++)
{

feed[j]=0;
}
U[0]=20.75;
vs=2;
vs=vs-1;
W(vs]=0;
Bottom=5.58;
Reflux=1.826;
Distil=20.75;
iTb[19]=1000.0;

/1
1
1
1
/
/1

for set initial

/1 Xmpat T /777710111

1

20 component
iTb[0]=140.0;
iTb[1]=225.0;
iTb[2]=294.0;
iTb[3]=350.0;
iTb[4]=395.0;
iTb[5]=430.0;
iTb[6]=458.0;
iTb[7]=485.0;
iTb[8]=507.0;
iTb[9]=528.0;
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iTb[10]=548.0;
iTb[11]=565.0;
iTb[12]=585.0;
iTb[13]=612.0;
iTb[14]=650.0;
iTb[15]=690.0;
iTb[16]=735.0;
iTb[17]=790.0;
iTb[18]=875.0;
/1 Xmpat APY /111111101 T T
/! 20 component
API[0]=69.8;
API[1]=58.5;
API[2]=47.8;
API[3]=42.0;
API[4]=38.8;
API[5]=36.5;
API[6]=34.8;
API[7]=33.0;
API[8]=31.8;
API[9]=31.0;
API[10]=30.2;
API[11]=29.3;
API[12]=27.8;
API[13]=25.5;
API[14]=23.5;
API[15]=22.5;
API[16]=21.0;
API[17]=17.5;
API[18]=12.2;

API[19]=6.0;
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/I Calculate Component Properties //////////111/111//111111111HT1171171711717777

for (i=0;i<comp;i++)

{

}

iSG[i]=(141.5/(API[i]+131.5));
iTc[i]=768.071+(1.7134*iTb[i])-(1.0834e-3*pow(iTb[i],2))+(3.889e-7*pow(iTb[i],3))
-(8.9213e-3*{Tb[i]*API[i])+(5.3095¢-7*pow(iTb[i],2)* API[i])
+(3.2712e-8*pow(iTb[i],2)*pow(API[i],2));
InPc[i]=2.829+(9.421e-4*iTb[i])-(3.0475e-6*pow(iTb[i],2))+(1.5141e-9*pow(iTb[i],3))
-(2.0876e-5*iTb[i]* API[i])-+(1.1048e-8*pow(iTb[i],2)* API[i])
+(1.395e-10*pow(iTb[i],2)*pow(API[i],2))-(4.827e-8*pow(API[i],2)*ITb[i]);
iPc[i]=pow(10,lnPc[i]);
iTb[i]=iTb[i]+460;
iTc[i]=1Tc[i]+460;
iMW([i]=-122726.0+9486.4*iSG[i]+(4.6523-3.3287*iSG[i])*I Tb[i]+(1-0.77084*iSG[i]
-0.02058*pow(iSGlil,2))*(1.3437-(720.79/iTb[i]))*(pow(10,7)/iTb[i])
+(1-0.80882*iSG[1]+0.02226*pow(iSGli],2))*(1.8828-(181.98/iTb[i]))
*(pow(10,12)/pow(iTbl[i],3));
iTbr[i]=iTb[il/iTc[il;
iKplil=pow(iTb[i],0.333333)/iSGIil:
if (iTbr[i]<0.8)
iw[i]=(log(Psys/iPc[i])-5.92714+(6.09648/iTbr[i])+1.28862
*log(iTbr[i])-(0.169347*pow(iTbr[i],6)))
/(15.2518-(15.6875/iTbr[i])-(13.4721*log(iTbr[i]))
+(0.43577*pow(iTbr[i],6)));
else
iw[i]=-7.904+0.1352*iKp[i]-0.007465*pow(iKpl[i],2)+8.359*iTbri]
+((1.408-0.01063*iKp[i])/iTbr[i]);

/I Feed Prop /1111111110101

fs=17;
fs=fs-1;

feed[fs]=26.32;
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Tfeed=560.0;
// Input Mole Fraction of Feed ////////////////11I111111111111111111110111171111
/ 20 component
iz[0]=0.08739;
iz[1]=0.08549;
iz[2]=0.06725;
iz[3]=0.06991;
iz[4]=0.06041;
iz[5]=0.06079;
iz[6]=0.04939;
iz[7]=0.04939;
iz[8]=0.04939;
iz[9]=0.04901;
iz[10]=0.04787,
iz[11]=0.04407,
iz[12]=0.04331;
iz[13]=0.04103;
iz[14]=0.04217,
iz[15]=0.03533;
iz[16]=0.03495;
iz[17]=0.02964;
iz[18]=0.02964;
iz[19]=0.02356;
/I Generate for all stage ///////////1I11111111111111101011000 0010000100011
for (j=0;j<stage;j++)
{
for (i=0;i<comp;i++)
{
SGli][jl=iSGlil;
wli][jl=iwlil;
Toli][j]=iTblil;

Telil[jl=iTc[il;
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Pcli][j]=iPclil;
z[i][j]=iz[il;

}
/1 nitial Xij /T
// 20 component

X[0][ 0]=0.4196,X[1][ 0]=0.2026 X[2][ 0]=0.1151X[3][ 0]=0.0725X[4][ 0]=0.0479,X[5][
0]=0.0335,X[6][ 0]=0.0238,X[7][ 0]=0.0191,X[8][ 0]=0.0158 X[9][ 0]=0.0136,X[10][ 0]=0.0114 X[11][
0]=0.0092,X[12][ 0]=0.0102,X[13][ 0]=0.0052,X[14][ 0J=0.0004,X[15][ 0]=0.0000,X[16][ 0]=0.0000,X
[17][ 0]=0.0000,X[18][ 0]=0.0000,X[19][ 0]=0.0000;

X[0][ 11=0.1098, X[ 1][ 1]=0.1035.X[2][ 11=0.0865.X[3][ 1]=0.0840,X[4][ 1]=0.0742,X
[51[ 11=0.0692,X[6][ 11=0.0617.X[71[ 11=0.0591,X[8][ 1]=0.0573,X[9][ 11=0.0573,X[10][
11=0.0558,X[11][ 1]=0.0506,X[12][ 1]=0.0724,X[13][ 1]=0.0525,X[14][ 11=0.0060,X[15][
11=0.0001,X[16][ 1]=0.0000,X[17][ 1]=0.0000,X[18][ 1]=0.0000,X[19][ 1]=0.0000;

X[0][ 21=0.0513,X[1][ 2]=0.0549,X[2][ 2]=0.0508,X[3][ 2]=0.0564,X[4][ 2]=0.0558 X
[51[ 21=0.0590,X[6][ 2]=0.0589,X[7][ 2]=0.0618,X[8][ 2]=0.0656,X[9]1[ 21=0.0718,X[10][
21=0.0766,X[11][ 2]=0.0749,X[12][ 2]=0.1268,X[13][ 2]=0.1181,X[14][ 2]=0.0170,X[15][
2]=0.0004,X[16][ 2]=0.0000,X[17][ 2]=0.0000,X[18][ 2]=0.0000,X[19][ 2]=0.0000;

X[0][ 31=0.0462,X[11[ 31=0.0466,X[2][ 31=0.0417,X[3][ 3]=0.0450,X[4][ 31=0.0442,X
[51[ 31=0.0472,X[6][ 31=0.0485,X[71[ 31=0.0524,X[8][ 31=0.0580,X[9][ 31=0.0666,X[10][
3]=0.0751,X[11][ 3]=0.0773,X[12][ 31=0.1484,X[13][ 3]=0.1710,X[14][ 3]=0.0390,X[15][
3]=0.0009,X[16][ 3]=0.0000,X[17][ 3]=0.0000,X[18][ 3]=0.0000,X[19][ 31=0.0000;

X[0][ 41=0.0460,X[11[ 41=0.0456,X[2][ 41=0.0399,X[3][ 41=0.0417,X[4][ 4]=0.0400,X
[51[ 41=0.0416,X[6][ 41=0.0420,X[71[ 41=0.0452,X[8][ 4]=0.0503,X[9][ 41=0.0586,X[10][
41=0.0678,X[11][ 4]=0.0718,X[12][ 4]=0.1510,X[13][ 4]=0.2095,X[14][ 41=0.0471,X[15][
41=0.0018,X[16][ 4]=0.0000,X[17][ 4]=0.0000,X[18][ 4]=0.0000,X[19][ 41=0.0000;

X[0][ 51=0.0462,X[1][ 5]=0.0455,X[2][ 51=0.0396,X[3][ 5]=0.0408,X[4][ 5]=0.0385,X
[51[ 51=0.0392,X[6][ 5]=0.0388,X[71[ 5]=0.0410,X[8][ 5]=0.0451,X[9][ 5]=0.0522,X[10][
5]=0.0606,X[11][ 5]=0.0649,X[12][ 5]=0.1442,X[13][ 5]1=0.2349,X[14][ 5]=0.0655,X[15][
5]=0.0032,X[16][ 5]=0.0001,X[17][ 5]=0.0000,X[18][ 5]=0.0000,X[19][ 5]=0.0000;

X[0][ 61=0.0463,X[1][ 6]=0.0455,X[2][ 6]=0.0395,X[3][ 6]=0.0405,X[4][ 6]=0.0379,X
[51[ 6]=0.0381,X[6][ 6]=0.0371,X[71[ 6]=0.0338 X[8][ 6]=0.0419,X[9][ 6]=0.0477,X[10][
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6]=0.0549,X[11][ 6]=0.0586,X[12][ 6]=0.1336,X[13][ 6]=0.2485,X[14][ 6]=0.0856,X[15][
6]=0.0053,X[16][ 6]=0.0002,X[17][ 6]=0.0000,X[18][ 6]=0.0000,X[19][ 6]=0.0000;

X[0][ 7]=0.0464,X[1][ 7]=0.0455,X[2][ 7]=0.0394,X[3][ 7]=0.0403,X[4][ 7]=0.0376,X
[5]1[ 71=0.0376,X[6][ 7]1=0.0363,X[7][ 71=0.0375,X[8][ 7]=0.0400,X[9][ 7]=0.0449,X[10][
71=0.0508,X[11][ 7]1=0.0537,X[12][ 7]=0.1221,X[13][ 7]=0.2522,X[14][ 7]=0.1069,X[15][
71=0.0086,X[16][ 7]=0.0004,X[17][ 7]=0.0000,X[18][ 7]=0.0000,X[19][ 7]=0.0000;

X[0][ 8]=0.0464,X[1][ 81=0.0455,X[2][ 8]=0.0394,X[3][ 8]=0.0402,X[4][ 8]=0.0374,X
[5][ 8]=0.0372,X[6][ 81=0.0357,X[7][ 8]=0.0367,X[8][ 8]=0.0387,X[9][ 8]=0.0429,X[10][
8]=0.0478,X[11][ 8]=0.0499,X[12][ 8]=0.1115,X[13][ 8]=0.2478,X[14][ 8]=0.1286,X[15][
8]=0.0133,X[16][ 8]=0.0009,X[17][ 8]=0.0000,X[18][ 8]=0.0000,X[19][ 8]=0.0000;

X[0][ 9]=0.0465,X[1][ 9]=0.0455,X[2][ 9]=0.0394,X[3][ 9]=0.0401,X[4][ 9]=0.0373,X
[5][ 9]=0.0370,X[6][ 9]=0.0353,X[7][ 9]=0.0361,X[8][ 9]=0.0379,X[9][ 9]=0.0416,X[10][
9]=0.0457,X[11][ 9]=0.0471,X[12][ 9]=0.1021,X[13][ 9]=0.2371,X[14][ 9]=0.1496,X[15][
91=0.0200,X[16][ 9]=0.0018,X[17][ 9]=0.0000,X[18][ 9]=0.0000,X[19][ 9]=0.0000;

X[0][10]=0.0466,X[1][10]=0.0456,X[2][10]=0.0394,X[3][10]=0.0401,X[4]
[10]=0.0371,X[5][10]=0.0367,X[6][10]=0.0350,X[7][10]=0.0356,X[8][10]=0.0372,X[9]
[10]=0.0406,X[10][10]=0.0441,X[11][10]=0.0449.X[12][10]=0.0941,X[13][10]=0.2218,X[14]
[10]=0.1686,X[15][10]=0.0292,X[16][10}=0.0034,X[17][10]=0.0000,X[18][10]=0.0000,X[19]
[10]=0.0000;

X[0][11]=0.0467,X[1][11]=0.0456,X[2][11]=0.0394,X[3][11]=0.0400,X[4]
[11]=0.0370,X[5][11]=0.0365,X[6][11]=0.0347,X[7][11]=0.0352,X[8][11]=0.0366,X[9]
[11]=0.0397,X[10][11]=0.0429,X[11][11]=0.0431,X[12][11]=0.0873,X[13][11]=0.2033,X[14]
[11]=0.1843,X[15][11]=0.0413,X[16][11]=0.0062,X[171[11]=0.0000,X[ 18][11]=0.0000,X[19]
[11]=0.0000;

X[0][12]=0.0468,X[1][12]=0.0457.X[2][12]=0.0394,X[3]{12]=0.0399,X[4]
[12]=0.0369,X[5][12]=0.0363.X[6][12]=0.0343,X[7][12]=0.0348,X[8][12]=0.0361,X[9]
[12]=0.0390,X[10][12]=0.0417,X[11][12]=0.0417,X[12][12]=0.0815,X[13][12]=0.1829,X[14]
[12]=0.1950,X[15][12]=0.0566,X[16][12]=0.0112,X[17][12]=0.0002,X[18][12]=0.0000,X[19]
[12]=0.0000;

X[0][13]=0.0469,X[1][13]=0.0457,X[2][13]=0.0394,X[3][13]=0.0399,X[4]
[13]=0.0368,X[5][13]=0.0361,X[6][13]=0.0342,X[7][13]=0.0345,X[8][13]=0.0356,X[9]
[13]=0.0382,X[10][13]=0.0407,X[11][13]=0.0403,X[12][13]=0.0765,X[13][13]=0.1617,X[14]
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[13]=0.1990,X[15][13]=0.0748,X[16][13]=0.0193,X[17][13]=0.0005,X[18][13]=0.0000,X[19]
[13]=0.0000;

X[0][14]=0.0470,X[1][14]=0.0458,X[2][14]=0.0394,X[3][14]=0.0398,X[4]
[14]=0.0366,X[5][14]=0.0359,X[6][14]=0.0339,X[7][14]=0.0341,X[8][14]=0.0351,X[9]
[14]=0.0375,X[10][14]=0.0397,X[11][14]=0.0390,X[12][14]=0.0720,X[13][14]=0.1405,X[14]
[14]=0.1952,X[15][14]=0.0949,X[16][14]=0.0320,X[17][14]=0.0016,X[18][14]=0.0001,X[19]
[14]=0.0001;

X[0][15]=0.0472,X[1][15]=0.0459,X[2][15]=0.0394,X[3][15]=0.0398,X[4]
[15]=0.0365,X[5][15]=0.0357,X[6][15]=0.0336,X[7][15]=0.0336,X[8][15]=0.0345,X[9]
[15]=0.0367,X[10][15]=0.0386,X[11][15]=0.0377,X[12][15]=0.0677,X[13][15]=0.1201,X[14]
[15]=0.1824,X[15][15]=0.1145,X[16][15]=0.0505,X[17][15]=0.0045,X[18][15]=0.0005,X[19]
[15]=0.0005;

X[0][16]=0.0474,X[1][16]=0.0460,X[2][16]=0.0395,X[3][16]=0.0397,X[4]
[16]=0.0364,X[5][16]=0.0355,X[6][16]=0.0332,X[7][16]=0.0332,X[8][16]=0.0339,X[9]
[16]=0.0359,X[10][16]=0.0375,X[11][16]=0.0364,X[12][16]=0.0635,X[13][16]=0.1007,X[14]
[16]=0.1602,X[15][16]=0.1295,X[16][16]=0.0745,X[17][16]=0.0123,X[18][16]=0.0024,X[19]
[16]=0.0023;

X[0][17]=0.0044,X[1][17]=0.0066,X[2][17]=0.0072,X[3][17]=0.0094,X[4]
[17]=0.0104,X[5][17]=0.0122,X[6][17]=0.0134,X[7][17]=0.0151,X[8][17]=0.0173,X[9]
[17]=0.0204,X[10][17]=0.0237,X[11][17]=0.0250,X[12][17]=0.0523,X[13][17]=0.1069,X[14]
[17]=0.2183,X[15][17]=0.2244,X[16][17]=0.1629,X[17][17]=0.0443,X[18][17]=0.0136,X[19]
[17]=0.0120;

/ Imitial L and V /(11T T T T

L[0]=Reflux*Distil; //nitial L1

V[0]=Distil-U[0]; /Initial V1

V[1]=L[0]+Distil+W[0];

for (j=2;j<stage;j++) //Tnitial V2 to last stage

{

VI[iI=VI-1+Wij-11;



/f Xmitial T /777100001
/ 20 comp
T[0]=257.12;
T[1]=368.23;
T[2]=433.97,
T[3]=451.34,
T[4]=457.05;
T[5]=459.42;
T[6]=461.53;
T[7]=462.04;
T[8]=463.02;
T[9]=463.74;
T[10]=464.40;
T[11]=465.12;
T[12]=465.80;
T[13]=466.54;
T[14]=467.38,;
T[15]=468.23;
T[16]=469.26;
T[17]=620.96;
// Convert Temperature Fahrenheit to Rankine ///////////////1////111//1/11111111111111]]
for (j=0;j<stage;j++)
T[j1=Tlj]+460;
Tfeed=Tfeed+460;
/1 Select Method //////1/1111H11IHTHIHTHHTHTTTTTTTTT T

/ Method=1; // For Normal Technic

Method=2; // For Combined Technic
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/1 Advance Input /1[I0 0001000717
if Method==2)
{
Oldcomp=comp;
// Namber of group /////////II11111I1TTH1HHTTT1H1HHT1110001000 11001007110
no_G=14;
// Number of group component /////////////III//111111111T1111T1T1111T11111110101111011711
Geomp[0]=3;
Geomp[1]=1;
Gceomp[2]=1;
Geomp[3]=1;
Geompl4]=1;
Geomp[5]=1;
Geomp[6]=1;
Geomp[7]=1;
Gceomp[8]=1;
Gcomp[9]=1;
Gcomp[10]=1;
Geomp[11]=1;
Geomp[12]=1;
Gcomp[13]=5;
// Calculate group properties ////////////////II11111I11111I11TT111111101111011101117111]
InitGprop();
gr=0;
/I Advanee Caleulate /////1////1/HIH/ LTI T T
comp=no_G;
for (j=0;j<stage;j++)
{
for (i=0;i<comp;i++)
{
Tol[i][jl=iTbml[il[jl;
Telil[jl=iTeml[il[jl;
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Pclil[jl=iPemli][j];
wlil[jl=iwm[i][j];
SGIil[jl=iSGmlil[jl;
z[i][jl=izm[i][j];
X[il[jl=iXmlil[jl;

}
1 Xmitial Kij /7777710001000 T T

for (j=0;j<stage;j++)
{
for (i=0;i<compsi++)
{
Kij[il[jI=1;
}
ThermoProp(T[j1.j);
Z liq(T[1,);
Z_vap(T[jl,j);
for (i=0;i<comp;i++)
{
Kij[il[jl=exp(InfuL[i][j])/exp(InfuV[i][j]);

H
7 feed(Tfeed);
/1 Setup Leexation ///1//HHIIHIHHTIHHIHHITTTTHIBITHT LT
Iter=0;
{1 Looping /11111
Loop:
Lj0; // Calculate Lj

/I Caleulate Aj,Bj,Cj,Dj /1111111111111

ABCD 1 n(); // Calculate A1,B1,C1,D1 & An,Bn,Cn,Dn

ABCD j(); // Calculate Aj,Bj,Cj,Dj
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/1 Calealate Xij /1111111111110
Xij0; // Calculate Xij

/1 Caleulate Tj /111111111100
error=0;

for (j=0;j<stage;j++)

{
TjG):
Tn[jI=THI-ETGIATPID;
error=error-+pow(Tn[j]-T[j],2);
T[jI=Tnljl;

}

/1 Calewlate Kij /1111711111111 T

for (j=0;j<stage;j++)

{
ThermoProp(T[jl,j);
Z liq(T[j1j);
Z vap(T[jl.j);
for (i=0;i<comp;i++)
Kij[il[jl=exp(InfuL[i][j])/exp(InfuV[il[j]);
}

/1 Caleulate H Xdeal ////////1/11/1111111TTHTTHTHTTITETTTT T

for (j=0;j<stage;j++)

{
CoefH(j);
HidealL[j]=HiL();
Hideal V[jI=HiV(j);
}
HidealF=HiF(Tfeed); // Calculate H Ideal feed

/1 Caleulate hj & Hj /////1111111111HTHTHTTTTTTITTT00017]]
for (j=0;j<stage;j++)
{
Tdal[j]=-TdaL(j);



Tdav[j]=-TdaV(j);
h{j]=HidealL[j]+R*T[j]*(ZLL-1-All[j]*(1-Tdal[jJ/asumi1[j])
*log(1+Bil[jI/ZL[j]/Bil[j]);
H[jl=Hideal V[jI+R*T[j1*(ZV[j]-1-Aiv[j]*(1-Tdav[jl/asumv1[j])
*log(1+Biv[jl/ZV[j])/Biv[j]);
}
Tdaf=-TdaF();
HF=HidealF+R *Tfeed*(ZLF-1-Aif*(1-Tdaf/asumf1)*log(1+Bif/ZLF)/Bif);
/1 Caleulate Vj /1111111 L
for (j=2;j<stage;j++)
{
VII=((HE-1-h -1 (VE- 11+ W-11)+L[-21(h(-11-h(j-2])
-feed[j-1T*(HE-h[j-1D)/(H[j]-h(j-1]);
}
/1 Check Yteration /1111111111110 T
if (error > 0.001)
{
Iter=Iter+1;
goto Loop;
}
/1 Recaleulate Xij /11111111
if (Method==2)
{
for (j=0;j<stage;j++)
{
for (i=0;i<comp;i++)
iXm[i][jI=X[]G ]
}
RecalcX();

comp=0ldcomp;
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/I Regroup Prop ///////11111111111T111711010100000TTT0000000T T
for (j=0;j<stage;j++)
{
for (i=0;i<comp;i++)
{
Tb[i][jl=iTblil;
Teli][jl=iTc[il;
Pcli][jl=iPc[il;
wlil[jl=iwlil;
SGIillj1=iSGIil;
z[i][j]=izlil;

}
11 Reeal Kij /1111111100 T

for (j=0;j<stage;j++)
{
for (i=0;i<comp;i++)
{
Kij[il[j1=1;
}
ThermoProp(T[j1,j);
Z 1iq(T(jl,j;
Z vap(T[jly);
for (i=0;i<comp;i++)
{
Kij[i][jl=exp(nfuL[i][j])/exp(InfuV[il[j]);

}

/I Calculate Aj,Bj,Cj,Dj /////111111THTTITTHTTTTHTTITTTTTHTTTTTTTTNHTTTHTTNITTTTTHTIT
ABCD 1 n(); // Calculate A1,B1,C1,D1 & An,Bn,Cn,Dn

ABCD j(); // Calculate Aj,Bj,Cj,Dj
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/1 Caleulate Xij and Tj /////////11111T1TTTT00000000000000000011017777T77T
Xij(); // Calculate Xij

for (j=0;j<stage;j++)

{
Tj();
Tn[jlI=T[I-ETGIATPD;
T(j]=Tn[j];

}

/1 Recaleulate Kij /111111111111

for (j=0;j<stage;j++)

{
ThermoProp(T[jl,));
Z liq(T1,):
Z_ vap(T[jl.));
for (i=0;i<comp;i++)
Kij[il[jl=exp(InfuL[i][j])/exp(InfuV[i][j]);
}

/1 Caleulate H Ideal //////////11111111TTTTH 10000111777

for (j=0;j<stage;j++)

{
CoefH(j);
HidealL[j]=HiL(j);
Hideal V[j]=HiV(j);
j
HidealE=HiF(Tfeed); //.Calculate H Ideal feed

/[ Caleulate hj & Hj ///////111117171111mmmmimininniiininiininnnnininnninnnnnngn iy
for (j=0;j<stage;j++)
{
Tdal[j]=-TdaL(j);
Tdav[j]=-TdaV(j);

h{j]=HidealL[j+R*T[j]*(ZL[j]-1-Ail[j]*(1-Tdal[j}/asuml1[j])

*log(1+Bil[jl/ZL[j])/Bil[j]);
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H[jl=Hideal V[j]+R*T[j1*(ZV[j]-1-Aiv[j]*(1-Tdav[jl/asumv1[j])
*log(1+Biv[jl/ZV[j1)/Biv[j]);
H
Tdaf=-TdaF();
HF=HidealF+R *Tfeed*(ZLF-1-Aif*(1-Tdaf/asumfl)*log(1+Bif/ZLF)/Bif);
/1 Caleulate Vj /1111111110
for (j=2;j<stage;j++)
V[IE(H[-11-h[-1D*(V -1+ WIj-1D+ L[j-21*(h[j-1]-h{j-2]-feed[j-1]
*(HF-h[j-1D)/(H[j]-h{j-1D);

Lj0; // Calculate Lj
/1 Oatput Result /11111111100
for (j=0;j<stage;j++)
{
Heout<<"T["<<j+1<<"],"<<T[j]-460<<"\n";
Heout<<"V["<<j+1<<"],"<<V[jl<<"\n";
Heout<<"L["<<j+1<<"]"<<L[j]<<"\n";
for (i=0;i<comp;i++)
{
Meout<<X[i][jl<<",";
/leout<<Kij[i][j]<<",";
}
/lcout<<"\n';
}
{1 Cale RanTime /71111110 LT
runtime=clock();

cout<<"Run Time = "<<runtime<<"\n";
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